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ABSTRACT
The f i r s t  p a r t  o f  t h i s  t h e s i s  i s  an a p p r e c i a t i o n  o f  t h e  work 
a l r e a d y  done by o t h e r s  and d e a l s  i n  some d e t a i l s  w i t h  f a c t o r s  a f f e c t i n g  
the  c o m p r e s s iv e  s t r e n g t h  o f  c o n c r e t e .  F a c t o r s  a f f e c t i n g  the  r e s u l t s  
o f  s t r e n g t h  t e s t s  and i n  p a r t i c u l a r  a r e v i e w  o f  s t u d i e s  d e a l i n g  w i t h  
th e  i n f l u e n c e  o f  m ould ing  p r e s s u r e  on the  s t r e n g t h  and o t h e r  p r o p e r t i e s  
o f  c o n c r e t e .
A two p a r t  e x p e r i m e n t a l  s tu d y  was c o n d u c t e d  as f o l l o w s .  In  
P a r t  I ,  the  e f f e c t  was s t u d i e d  o f  t h e  i n t e n s i t y  o f  m ould in g  p r e s s u r e  
and t h e  d u r a t i o n  o f  p r e s s u r e  on c o m p r e s s i v e  s t r e n g t h ,  d e n s i t y  and the  
f i n a l  w a t e r -c e m e n t  r a t i o .  The programme i n c l u d e d  m ix e s  o f  w a t e r - c e m e n t  
r a t i o  o f  0 . 4 5 ,  0 . 5 5  and 0 . 6 5 ,  a p p l i e d  p r e s s u r e  o f  3 , 0 0 0 ,  4 , 5 0 0  and 
6 , 0 0 0  p s i  and p r e s s u r e  d u r a t i o n  o f  1 ,  1 1 / 2  and 2 m i n u t e s .  Three by 
s i x  i n c h  c o n c r e t e  c y l i n d e r s  were  u s e d  f o r  c a s t i n g  t h e  s p e c im e n s ,  which  
were  t e s t e d  i n  c o m p r e s s io n  a t  th e  ages  o f  7 and 28 d a y s .  In P ar t  I I ,  
s t u d y  was made o f  th e  e f f e c t  o f  a w a t e r - r e d u c i n g  adm ixture  on the  
c o m p r e s s i v e  s t r e n g t h ,  d e n s i t y  and f i n a l  w a t e r - c e m e n t  r a t i o  o f  c o n c r e t e  
s p e c im e n s  s u b j e c t e d  to  a m ould in g  p r e s s u r e  o f  4 , 5 0 0  p s i  f o r  1 1 / 2  
m i n u t e s .  W ater-cem ent  r a t i o s  o f  0 . 4 5 ,  0 . 5 5  and 0 . 6 5  were i n c l u d e d  
i n  the  P ar t  I I  programme.
P r e s s u r e  m ould ing  was found t o  be e f f e c t i v e  i n  i n c r e a s i n g  the  
c o m p r e s s i v e  s t r e n g t h  and d e n s i t y  and i n  g r e a t l y  r e d u c in g  th e  w a t e r -  
cement r a t i o  o f  the c o n c r e t e  s p e c i m e n s .  N e i t h e r  i n c r e a s i n g  the
i i i
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i n t e n s i t i e s  o f  m ou ld in g  p r e s s u r e  ( i n  th e  range s t u d i e d )  nor  i n c r e a s i n g  
the  d u r a t i o n  o f  m ou ld ing  p r e s s u r e  ( i n  th e  range s t u d i e d )  were found to  
be s i g n i f i c a n t l y  e f f e c t i v e  i n  i n c r e a s i n g  t h e  c o m p r e s s i v e  s t r e n g t h  and 
d e n s i t y  o r  i n  r e d u c i n g  t h e  f i n a l  w a t e r - c e m e n t  r a t i o .  The w a t e r - r e d u c e r  
was e f f e c t i v e  i n  i n c r e a s i n g  t h e  a verage  s t r e n g t h  and d e n s i t y  o f  p r e s s u r e  
moulded s p e c im e n s  and i n  r e d u c in g  t h e  f i n a l  w a t e r - c e m e n t  r a t i o .  The 
w a t e r - c e m e n t  r a t i o  v e r s u s  s t r e n g t h  law e s t a b l i s h e d  by Abrams was found  
to  be v a l i d  f o r  p r e s s u r e  moulded s p e c im e n s  w i t h  o r  w i t h o u t  t h e  w a t e r -  
r e d u c in g  a g e n t .
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S t r e n g t h  i s  th e  most  i m p o r t a n t  p r o p e r t y  o f  c o n c r e t e ,  as  a l l  
o t h e r  p r o p e r t i e s  are r e l a t e d  to  i t .  A c o n s i d e r a b l e  amount o f  r e s e a r c h  
work has  been  c a r r i e d  o u t  to  i n v e s t i g a t e  methods  o f  i n c r e a s i n g  t h e  
s t r e n g t h  o f  c o n c r e t e  -  som et im es  when f a c e d  by a p r a c t i c a l  problem such  
as t h a t  o f  dam b u i l d i n g ,  p r e s t r e s s e d  c o n c r e t e  u n i t s  e t c . ,  and a t  o t h e r  
t i m e s  f o r  r e s e a r c h  p u r p o s e s .  In p a r t i c u l a r  th e  p r e c a s t  and p r e s t r e s s e d  
c o n c r e t e  i n d u s t r i e s  have f o c u s e d  a t t e n t i o n  on t h e  prob lem  o f  p r o d u c in g  
c o n c r e t e  o f  b o th  h i g h  u l t i m a t e  s t r e n g t h  as  w e l l  as h i g h  s t r e n g t h  at  
e a r l y  a g e s .  I n  t h e  d e s i g n  o f  m ost  c o n c r e t e  s t r u c t u r e s ,  t h e  low working  
s t r e s s e s  used are  a s a f e g u a r d  a g a i n s t  th e  p o s s i b l e  d e f e c t s  i n  th e  c h o i c e  
o f  m a t e r i a l s  and i n  the  m akin g ,  p l a c i n g  and c u r i n g  o f  t h e  c o n c r e t e .  
C e r t a i n l y  t h i s  p r a c t i c e  i n v o l v e s  a g r e a t  w a s t e  w h ic h  c o u l d  be e l i m i n a ­
t e d  i n  h i g h l y  s t r e s s e d  c o n c r e t e  s t r u c t u r e s  by t h e  u s e  o f  h i g h  s t r e n g t h  
c o n c r e t e  o f  u n i f o r m  q u a l i t y .
The p r o d u c t i o n  o f  h i g h  s t r e n g t h  c o n c r e t e  r e q u i r e s  c a r e  i n  
1 .  t h e  s e l e c t i o n  o f  m a t e r i a l s  2 .  t h e  d e s i n g  o f  t h e  m ix e s  and 3 .  i n  the  
m i x i n g ,  p l a c i n g ,  c o n s o l i d a t i n g  and c u r i n g  p r o c e d u r e s .  B e s i d e s  t h e s e ,  
th e  most  im p o r t a n t  f a c t o r  g o v e r n i n g  th e  s t r e n g t h  o f  c o n c r e t e  i s  t h e  
w a t e r - c e m e n t  r a t i o .  To a c h i e v e  a h i g h  s t r e n g t h  c o n c r e t e ,  a lo w e r  w a t e r -  
cement  r a t i o  than  g e n e r a l l y  u s e d  i n  p r a c t i c e  w i l l  have  to  be a d o p t e d .  
T h is  i n  tu r n  may p r e s e n t  d i f f i c u l i t i e s  i n  c o m p a c t in g  th e  c o n c r e t e ,
1
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s u g g e s t i n g  the  m. i-j  f o r  s p e c i a l  p r o c e d u r e s  t o  o b t a i n  e f f e c t i v e  c o m p a c t i o n .  
V i b r a t i o n  and m..,, j d in g  o f  t h e  c o n c r e t e  under  p r e s s u r e  seems to  be the  
p o s s i b l e  answer;*. gu t  a t  ]_ow w o r k a b i l i t i e s . ,  v i b r a t i o n  i s  n o t  v e r y  e f f e c ­
t i v e  as  i t  m er e ly  s h a k e s  t h e  p a r t i c l e  a b o u t .  Thus,  th e  o n l y  a l t e r n a t i v e  
l e f t  i s  to  a p p l v ' p r e s s u r e  i n  c o m p a c t in g  t h e  c o n c r e t e .  The c o m p r e s s in g  
o f  c o n c r e t e ,  redi, ,:eS t h e  f i n a l  w a t e r - c e m e n t  r a t i o  and t h e r e f o r e  s h o u l d  
r e s u l t  i n  s t r e n p i  |, i n c r e a s e s .  O ther  p o t e n t i a l  b e n e f i c i a l  e f f e c t s  o f  
p r e s s u r e  mouldin,: are  a h i g h e r  d e n s i t y ,  l e s s  s h r i n k a g e  and c r e e p ,  
g r e a t e r  r e s i s t a u .  to  f r e e z i n g  and t h a w i n g ,  h i g h e r  a b r a s i o n  r e s i s t a n c e  
and low e r  permenl. | j i t y .
The p u i p o s e  o f  t h i s  e x p e r i m e n t a l  programme was to  s t u d y  the  
e f f e c t s  o f  p r e s ^ i c  i n t e n s i t y  and d u r a t i o n  on s t r e n g t h ,  d e n s i t y  and 
f i n a l  water-cenn. i i i  r a t i o  o f  t h e  c o n c r e t e .  The p o s s i b l e  b e n e f i c i a l  
e f f e c t  o f  a w ate i  - r e d u c i n g  a g e n t  was a l s o  i n v e s t i g a t e d .
2
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CHAPTER I I
A. FACTORS AFFECTING THE COMPRESSIVE STRENGTH OF CONCRETE
1 .  The Water-Cement R a t i o
The s t r e n g t h  o f  c o n c r e t e  i s  g o v e r n e d  p r i m a r i l y  by t h e  s t r e n g t h  
o f  th e  cement p a s t e ,  s i n c e  t h e  m in e r a l  a g g r e g a t e s ,  w i t h  rare  e x c e p t i o n s ,  
are f a r  s t r o n g e r  than t h e  p a s t e  c o m p onents .  When t h e  w a t e r  and cement  
are  mixed  t o g e t h e r  th e  p a s t e  o b t a i n e d  i s  a s u s p e n s i o n ,  n o t  a s o l u t i o n ,  
o f  cement  i n  w a t e r .  Thus th e  s p a c i n g  o f  the  s u s p e n d e d  p a r t i c l e s  o f  c e ­
ment i n  w a t e r  w i l l  depend upon the  amount o f  w a t e r  u t i l i z e d .  "The more 
d i l u t e  t h e  p a s t e ,  the  g r e a t e r  the  s p a c i n g  be tw e e n  cement  p a r t i c l e s  and 
th u s  t h e  weaker  w i l l  be t h e  u l t i m a t e  p a s t e  s t r u c t u r e  a t  any s t a g e  o f
n a " 19h y d r a t i o n
A b r a m s ^  e s t a b l i s h e d  t h e  w a t e r - c e m e n t  r a t i o  law -  t h a t  the  
s t r e n g t h  o f  c o n c r e t e  i s  i n v e r s e l y  p r o p o r t i o n a l  to  th e  w a t e r - c e m e n t  r a t i o  
p r o v i d e d  t h e  c o n c r e t e  i s  f u l l y  com p acted .  L a t e r  work has  shown t h a t  
Abrams c u r v e  i s  a f a m i l y  o f  v e r y  c l o s e l y  spac e d  c u r v e s  o f  s t r e n g t h  v e r ­
s u s  w a t e r - c e m e n t  r a t i o  f o r  d i f f e r e n t  a g g r e g a t e  cement  r a t i o s  and f o r  
d i f f e r e n t  t y p e s  o f  aggregate.  And, as C o l l i n s ^  r e p o r t s ,  "Com plete ly  
d i f f e r e n t  c u r v e s  e x i s t  f o r  d i f f e r e n t  c e m e n t s ,  d i f f e r e n t  ages  o f  t e s t i n g ,  
d i f f e r e n t  c u r i n g  c o n d i t i o n s  and d i f f e r e n t  m ethods  o f  t e s t i n g " .
To a c h i e v e  a c o n c r e t e  o f  optimum s t r e n g t h ,  i t  w i l l  be n e c e s s a r y  
to  g e t  the  f u l l  c o m p act ion  o f  c o n c r e t e  at  the  l o w e s t  p o s s i b l e  w a t e r -  
cement  r a t i o .  At low w a t e r - c e m e n t  r a t i o  the  prob lem  o f  w o r k a b i l i t y  i s
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e n c o u n t e r e d .  Abrams o b t a i n e d  s t r e n g t h s  o f  the  o r d e r  o f  4 0 , 0 0 0  p s i . ,  
u s i n g  m ix e s  o f  n e a t  p o r t l a n d  cement  w i t h  a w a t e r - c e m e n t  r a t i o  o f  0 . 0 8 ,  
but  c l e a r l y  c o n s i d e r a b l e  p r e s s u r e  was a p p l i e d  i n  m o u ld in g  t h e  s p e c i m e n s .  
Mixes  h a v in g  a w a t e r - c e m e n t  r a t i o  b e l o w  0 . 3 3  are too  s t i f f  t o  be p r o p e r l y  
compacted  by o r d i n a r y  m eth o d s .  I t  i s  h e r e  t h a t  s p e c i a l  t e c h n i q u e s  must  
be e m p loyed .
2. Compact ion
The w a t e r - c e m e n t  r a t i o  law i s  o n l y  v a l i d  when t h e  c o n c r e t e  i s  
f u l l y  com pacted  and h a s  no a i r  v o i d s .  I n  f a c t ,  i t  may be more appro­
p r i a t e  to  say  t h a t  t h e  s t r e n g t h  o f  c o n c r e t e  i s  d i r e c t l y  r e l a t e d  t o  t h e  
v o i d s - c e m e n t  r a t i o ,  t h e  v o i d  b e i n g  t h e  sum o f  the v o lu m e s  o f  v /a ter  and 
a i r  i n  c o n c r e t e ,  t h e  vo lume o f  a i r  b e i n g  an i n d e x  o f  e f f i c i e n c y  o f  
c o m p a c t i o n .  During  t h e  p r o c e s s  o f  m i x i n g  a i r  i s  e n t r a p p e d  i n  t h e  c o n ­
c r e t e  and t h i s  a i r  c a n  be e l i m i n a t e d  w h i l e  t h e  c o n c r e t e  i s  b e i n g  p l a c e d  
o r  c o m p a c t e d .  Even t h e n  a c e r t a i n  amount o f  a i r  w i l l  be l e f t  i n  t h e  
c o n c r e t e  i n  t h e  form o f  l a r g e  p o r e s  xjhich may g i v e  r i s e  to  honeycom bin g .  
The e x a c t  r e l a t i o n  b e t w e e n  t h e  s t r e n g t h  o f  t h e  c o n c r e t e  and the p r o p o r ­
t i o n  o f  a i r  l e f t  by i n a d e q u a t e  c o m p a c t i o n  v a r i e s  a c c o r d i n g  t o  t h e  r e s u l t ­
in g  c u r v e  o f  w a t e r - c e m e n t  r a t i o  to  s t r e n g t h  up to t h e  p o i n t  where  the  
mix becomes too  dry to  be c o m p l e t e l y  c o m p a c t e d ,  when t h e  s t r e n g t h  would  
r a p i d l y  f a l l  o f f .  I f ,  when t h e  p o i n t  o f  maximum s t r e n g t h  h a s  been  
r e a c h e d ,  a more e f f i c i e n t  method o f  c o m p a c t i o n  had been  e m p loye d ,  f o r  
exam p le ,  v i b r a t i o n  o r  p r e s s u r e ,  then  t h e  w a t e r - c e m e n t  r a t i o  c o u l d  have
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b e e n  f u r t h e r  reduced  w i t h o u t  c a u s i n g  i n c o m p l e t e  c o m p a c t i o n ,  and th e  
p o i n t  at  which  t h e  s t r e n g t h  s t a r t e d  t o  f a l l  o f f  would  have  been  r a i s e d  
f u r t h e r  up th e  c u r v e ^ .  These  e f f e c t s  are shown i n  F i g .  1 .
3 .  Curing
The term " c u r i n g "  i s  u s e d  i n  r e f e r e n c e  to t h e  m a in t e n a n c e  o f  
a f a v o u r a b l e  env iron m ent  f o r  t h e  c o n t i n u a t i o n  o f  t h e  h y d r a t i o n  r e a c t i o n s ; 
t h a t  i s ,  t h e  r e t e n t i o n  o f  m o i s t u r e  w i t h i n  o r  s u p p l y i n g  m o i s t u r e  t o  the  
c o n c r e t e  and p r o t e c t i o n  a g a i n s t  e x tr e m e s  o f  t e m p e r a t u r e .  I t  i s  impor­
t a n t ,  t h e r e f o r e ,  e s p e c i a l l y  a t  t h e  e a r l y  ages  to  p r o v i d e  t h e s e  c o n d i t i o n s  
o f  m o i s t u r e  and t e m p e r a tu r e  t h a t  w i l l  a l l o w  t h e  r e a c t i o n s  to  go on  and 
t h e r e b y  e n s u r e  the  p r o p e r  s t r e n g t h  g a i n ;
Curing  x^ith w a t e r  h as  long  been r e c o g n i z e d  as  the  m ost  s a t i s ­
f a c t o r y  method; o t h e r  method commonly employed  are  pond ing  o r  c o v e r i n g  
w i t h  wet  s t r a w ,  low o r  h i g h  p r e s s u r e  steam c u r i n g  and t h e  u s e  o f  s u r f a c e  
c o a t i n g s  s u c h  as sodium s i l i c a t e ,  a s p h a l t i c  m a t e r i a l s  or  w a t e r p r o o f  
p a p e r .
4 .  P r o p e r t i e s  o f  A g g r e g a t e s
The c o m p r e s s i v e  s t r e n g t h  o f  c o n c r e t e  i s  d i r e c t l y  o r  i n d i r e c t l y  
a f f e c t e d  by v a r i o u s  c h a r a c t e r i s t i c s  o f  bo th  t h e  f i n d  and c o a r s e  a g g r e ­
g a t e s  f o r  a g i v e n  w o r k a b i l i t y  and cement  c o n t e n t .  C h a r a c t e r i s t i c s  such  
as  g r a d a t i o n  o f  both  the  f i n d  and c o a r s e  aggregate a f f e c t s  th e  w a t e r  
r e q u i r e m e n t s  o f  the  c o n c r e t e  and hence  a f f e c t s  t h e  c o m p r e s s i v e  s t r e n g t h  
o f  c o n c r e t e .  The s t r e n g t h  o f  c o n c r e t e  i s  a l s o  a f f e c t e d  by the  s u r f a c e




















Fig. 1- The Relation Between Strength and Water-Cement Ratio 
of Concrete
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t e x t u r e  and shape  o f  b o th  f i n e  and c o a r s e  a g g r e g a t e s ,  as  t h e y  a f f e c t  
th e  w a t e r  r e q u ir e m e n t  o f  t h e  c o n c r e t e .  The t y p e  o f  a g g r e g a t e  u s e d  i n  
making t h e  c o n c r e t e  a l s o  i n f l u e n c e s  t h e  s t r e n g t h .  S o f t ,  porous  and weak 
a g g r e g a t e s  r e q u i r e  more w a t e r  and t h u s  l e a d  t o  a w e ake r  c o n c r e t e .  A lso  
t h i s  w i l l  i n  t u r n  i n c r e a s e  t h e  s h r i n k a g e  and c r e e p  c h a r a c t e r i s t i c s  o f  
t h e  c o n c r e t e .  S t r o n g  and l e s s  por ou s  a g g r e g a t e s  r e s u l t s  i n  a b e t t e r  
c o n c r e t e .  The s i z e  o f  a g g r e g a t e  a l s o  i n f l u e n c e s  t h e  c o m p r e s s i v e  s t r e n g t h .
5 .  Bond b e tw e e n  P a s t e  and A g g r e g a t e
"Bond b e tw e e n  a g g r e g a t e  and cement  p a s t e  i s  an i m p o r t a n t  
f a c t o r  i n  t h e  s t r e n g t h  o f  c o n c r e t e ,  e s p e c i a l l y  t h e  f l e x u r a l  s t r e n g t h ,  
th e  f u l l  r o l e  o f  bond b e i n g  o n l y  r e c e n t l y  r e a l i z e d .  Bond i s  due ,  i n
p a r t ,  to  t h e  i n t e r l o c k i n g  o f  t h e  a g g r e g a t e  and p a s t e  owing  to th e
r o u g h n e s s  o f  t h e  s u r f a c e  o f  t h e  f o r m e r .  A r o u g h e r  s u r f a c e ,  such  as  t h a t  
o f  c r u s h e d  p a r t i c l e s ,  r e s u l t s  i n  a b e t t e r  bond .  G e n e r a l l y ,  t e x t u r a l  
c h a r a c t e r i s t i c s  w h ic h  p e r m i t  no p e n e t r a t i o n  o f  t h e  s u r f a c e  o f  t h e  p a r ­
t i c l e  are  n o t  c o n d u c i v e  to  good  bond.  I n  a d d i t i o n ,  bond i s  a f f e c t e d  by 
o t h e r  p h y s i c a l  and c h e m i c a l  p r o p e r t i e s  o f  a g g r e g a t e ,  r e l a t e d  t o  i t s  
m i n e r a l o g i c a l  and c h e m i c a l  c o m p o s i t i o n ,  and t o  t h e  e lec tros tat i c  c o n d i t i o n
o f  t h e  p a r t i c l e  s u r f a c e " ^ .
3
A le x a n d e r  ,  f ound  t h a t  t h e  s t r e n g t h  o f  t h e  bond b e t w e e n  cement
p a s t e  and p l a n e  rock s u r f a c e s  i s  n o r m a l l y  50 t o  60'^ o f  t h e  p a s t e
s t r e n g t h ,  but  some e x c e p t i o n a l  r o c k s  can  g i v e  much h i g h e r  o r  much lo w e r  
s t r e n g t h s .  I n c r e a s i n g  t h e  w a t e r - c e m e n t  r a t i o  w i l l  d e c r e a s e  b o th  th e  
cement  a g g r e g a t e  bond s t r e n g t h  and p a s t e  s t r e n g t h ,  and i t  h a s  been
7
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13sugges ted  by Mather tha t  i f  at a g iv en  water-cement r a t i o , f rac tu r e  
occurs at  the aggr e ga te -p as te  bond, t h i s  mode o f  f a i l u r e  i s  not  l i k e l y  
to  change wi th  change in  water-cement r a t i o .  At l a t e r  ages,  however the  
p as te  i t s e l f  becomes more s u s c e p t i b l e  to  the f a i l u r e  than the aggregate-  
pas t  bond, and the f a i l u r e  mechanism i s  l i k e l y  to change w i th  change in  
water-cement r a t i o .  Although bond s t r e n g t h  was found to decrease r a p id ly  
with  i n c r e a s i n g  aggregate s i z e ,  there  are l i k e l y  to be s p e c i f i c  zones  
o f  weakness i n  concrete  between the p a s te  matr ix  and the l a r g e s t  aggre­
ga te  p a r t i c l e  p r e s e n t .
Since  bond between the aggregate  and cement pas te  has such an 
important bearing on the r e s u l t a n t  s t r e n g t h  o f  concrete  and s in c e  i t  i s  
l i k e l y  tha t  pressure  moulding can have an important bearing on the bond 
s t r e n g t h  deve loped,  t h i s  i s  l i k e l y  a very  important f a c t o r  to keep in  
mind.
B. FACTORS AFFECTING RESULTS OF STRENGTH TESTS 
Strength  va lu e s  obta ined  in  compression t e s t s  are a f f e c t e d  
by var iou s  t e s t i n g  f a c t o r s ,  such as specimen s i z e  and shape, ra te  o f  
load a p p l i c a t i o n s ,  i n f l u e n c e  o f  moisture c o n d i t i o n s  and capping com­
pound. The a f f e c t  o f  th e se  f a c t o r s  are con s id er e d  below.
1. Specimens vs  S truc tures
T es t s  conducted on small sample specimens and cured under 
standard c o n d i t io n  are not  the true r e p r e s e n t a t i v e  o f  s tr e n g th  o f  con­
c r e t e  i n  s t r u c t u r e s ,  which are exposed to composite  s t r e s s e s  and o ther
8
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c o n d i t i o n s  a f f e c t i n g  s t r e n g t h .  T roxe l l  and Davis  have repor ted  th a t  
load  t e s t s  on s t r u c t u r e s  i n d i c a t e  h igher  s tr e n g th  than those  ob ta in ed  
from standard specimens.
I n t e r p r e t a t i o n  o f  the r e s u l t s  o f  s tr e ng th  t e s t s  should  a l so  
take i n t o  account the important i n f l u e n c e  o f  the t e s t  c o n d i t i o n s  them­
s e l v e s  on the  i n d i c a t e d  s t r e n g t h .
2* S i z e  and Shape o f  Specimens
The s i z e  o f  specimens al so  a f f e c t s  the s trength  v a l u e s  
o b t a in e d .  I t  has been observed that  a b ig g e r  specimen y i e l d s  a l e s s e r  
s t r e n g t h .  N e v i l l e ^  p o i n t s  out  that  the c o ncrete  i s  composed o f  e lements  
o f  v a r i a b l e  s tr e n g th  and i t  i s  reasonable  to assume the la r g e r  the volume 
o f  c on c r e te  s u b je c te d  to s t r e s s  the more l i k e l y  i t  i s  to con ta in  an e l e ­
ment o f  extreme ( low) s t r e n g t h .  For t h i s  reason s trength  o f  a specimen 
de c r ease s  w i th  i n c r e a s e  in  s i z e ,  as the v a r i a b i l i t y  i n  s t r e n g t h  o f  
nom in ally  s i m i l a r  specimens.
When the s t r e n g t h  o f  cubes and c y l i n d e r s  are compared, i t  i s  
found th a t  the shape,  as w e l l  as s i z e  and proportion i n f l u e n c e s  the  
s t r e n g t h  o f  concrete  specimen. The h igher  cube s tr e n g th  may be due in  
part  to  the r e s t r a i n i n g  e f f e c t  o f  the  p l a t e n s  o f  the t e s t i n g  machines  
which extend over  the e n t i r e  he ight  o f  the cube but l ea v e s  u n a f f e c t e d  a 
part  o f  the t e s t  c y l i n d e r .
9
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3.' E f f e c t  o f  M o i s t u r e  C on te n t  o f  Spec im ens
A c o m p r e s s i o n  spec im en  t e s t e d  i n  t h e  a i r  dry c o n d i t i o n s  w i l l
e x h i b i t  20 to  40 ^ h i g h e r  s t r e n g t h  th an  t h a t  o f  c o r r e s p o n d i n g  c o n c r e t e
t e s t e d  i n  s a t u r a t e d  c o n d i t i o n s  p r o b a b l y  b e c a u s e  o f  1 .  t h e  g r e a t e r
d e n s i t y  o f  dry (and t h e r e f o r e  c o n t r a c t e d )  p a s t e ,  2 .  i n i t i a l  t e n s i l e
s t r e s s e s  i n  the  p a s t e  due to  l o c a l i z e d  r e s t r a i n t  o f  p a s t e  s h r i n k a g e  by
p i e c e s  o f  a g g r e g a t e ,  and 3 .  p o s s i b l e  d e ve lop m e n t  o f  h y d r o s t a t i c  p r e s s u r e
1.9m  s a t u r a t e d  p a s t e
4 .  E f f e c t  o f  Rate  o f  Loading
The s t r e n g t h  o f  c o n c r e t e  v a r i e s  w i t h  t h e  r a t e  o f  l o a d i n g .  I t  
ha s  b e e n  o b s e r v e d  t h a t  t h e  more r a p i d  t h e  " s t a t i c "  l o a d i n g  o f  c o n c r e t e ,  
t h e  h i g h e r  t h e  o b s e r v e d  s t r e n g t h .  A c c o r d in g  t o  N e v i l l e '* ’’*, t h i s  i s  p r o ­
b a b l y  due t o  t h e  i n c r e a s e  i n  s t r a i n  w i t h  t im e  owing  to  c r e e p ,  and when 
l i m i t i n g  s t r a i n  i s  r e d u c e d  f a i l u r e  t a k e s  p l a c e  l a r g e l y  i n d e p e n d e n t  o f  
t h e  v a l u e  o f  t h e  s t r e s s  a p p l i e d .
The p r a t i c a l  range  o f  s p e e d  l o a d i n g  f o r  most  l a b o r a t o r y  machine
2
i s  b e t w e e n  10 and 100 l b s / i n  / s e c . j  w i t h i n  t h i s  range  s t r e n g t h  v a r i e s
2b e t w e e n  97 and 103^ o f  t h e  s t r e n g t h  a t  30 l b s / i n  / s e c .  w h ic h  i s  n e a r  the  
2
33 l b s / i n  / s e c .  p r e s c r i b e d  by A .S .T .M .  s t a n d a r d s .  A l th ou gh  t h e  a f f e c t  
o f  r a t e  o f  l o a d i n g  i s  n o t  l a r g e ,  i f  t e s t  r e s u l t s  are to  be c o m p a r a b le ,  
s t r e s s  must  be  a p p l i e d  a t  a s t a n d a r d i z e d  r a t e .
10
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CHAPTER I I I
INFLUENCE OF MOULDING PRESSURE ON THE PROPERTIES OF CONCRETE
The work which  h a s  been  done t o  d a t e  on t h i s  s u b j e c t  i s  v e r y  
s c a n t y .  From t h e  l i t e r a t u r e ,  i t  appears  t h a t  t h e  main work on t h i s  
s u b j e c t  was done b e tw e e n  t h e  y e a r s  1918 and 1937 .  A f t e r  t h a t ,  v e r y  
l i t t l e  a t t e n t i o n  has  been p a i d  t o  t h i s  t o p i c .  Th is  c h a p t e r  i n c l u d e s  a 
d i s c u s s i o n  o f  t h e  v a r i o u s  f a c t o r s  a f f e c t i n g  the  s t r e n g t h ,  d e n s i t y  e t c .  
o f  c o n c r e t e ,  when moulded under  p r e s s u r e ,  and t h e r e f o r e  e m b od ie s  most  
o f  th e  r e s u l t s  o f  th e  work done by p r e v i o u s  i n v e s t i g a t o r s .
REVIEW OF PAST EXPERIMENTAL STUDIES
A . l  E f f e c t  o f  t h e  I n t e n s i t y  o f  Moulding P r e s s u r e  on S t r e n g t h
14In  19 1 8 ,  McKibben s t u d i e d  t h e  e f f e c t  o f  m ou ld in g  p r e s s u r e  
on t h e  s t r e n g t h ,  d e n s i t y  e t c .  o f  c o n c r e t e .  He compared c o n c r e t e  
columns -  made o f  1 :2^4  c o n c r e t e  -  s u b j e c t e d  to  m ould ing  p r e s s u r e  w i t h  
s t a n d a r d  c o n c r e t e  column c a s t e d  w i t h o u t  th e  a p p l i c a t i o n  o f  p r e s s u r e .
The l o a d  a p p l i e d  f o r  c o m p r e s s in g  th e  columns  v a r i e d  from 25000 t o  40000  
l b s .  i . e .  from a p p r o x i m a t e ly  160 to  260 p . s . i .  The columns were  1 4 "  
i n  d i a m e t e r  and 5 f t .  l o n g .  The o r d i n a r y  c o n c r e t e  co lu mns  were  moulded  
by s p a d in g  c o n c r e t e  i n t o  t h e  forms and tamping  w i t h  an i r o n  b a r .  Each  
c o m p re s s e d  c o n c r e t e  column was moulded  i n  f i v e  l a y e r s ,  e a c h  l a y e r  b e i n g  
about 12 i n c h e s  d e e p ,  and as  e a c h  was p l a c e d  i n  t h e  form a p r e s s u r e  was 
a p p l i e d  to t h e  up p er  s u r f a c e  o f  t h e  c o n c r e t e  by means o f  a p l u n g e r .
11








































Fig. 2- Effect of Compacting Load On Strength of Concrete
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Pressure remained for  a few minutes .
The coarse  aggregate used was extremely hard, crushed l imestone  
o f  e x c e l l e n t  q u a l i t y ,  p r a c t i c a l l y  a l l  o f  which passed a T~ inches  mesh, 
the dust being screened.
the  forms were s tr ippe d  three  days a f t e r  the columns were 
moulded^ the column then being kept  in  wet canvas f o r  four  days. During 
the r e s t  o f  28 or 56 days,  in  the two c a s e s ,  r e s p e c t i v e l y ;  the columns 
were exposed to the a i r  o f  the laboratory .
the  e f f e c t  o f  pressure  on the s trength  o f  c o ncrete  column i s  
14shown in  F ig .  2 . I t  can be seen t h a t  s trength  in c r e a s i n g  w i t h i n c r e a s ­
ing moulding pr e ssu re .
Abrams^-; i n  1919 c a r r i e d  out  i n v e s t i g a t i o n  on 6 x 12 i n .  
concrete  c y l i n d e r s .  He adopted a mix design o f  1 : 2 : 4 ,  with a maximum 
s i z e  aggregate o f  1~ i n c h e s .  I t  was reported that  the compressive  
Strength o f  c oncrete  increased  due to the a p p l i c a t i o n  o f  p r e s su re .  For 
pressures  o f  200 to 500 p s i ,  the in c re ase  in  s tr e n g th  was 20 to 35^.
A d e t a i l e d  study o f  the subjec t  was c a r r i e d  out  by Evans^ and 
Wood and they presen ted  t h e i r  r e s u l t s  in  1937. The study was c a r r i e d  out  
on 2 x 3 in .  c y l i n d e r s .  The behaviour o f  concrete  as w e l l  as mortars  
was s tu d ie d .  The loads used fo r  moulding the specimens were 1 ,000 ,  2 ,000 ,  
5 ,000 ,  10 ,0 00 ,  20 ,000 ,  35 ,000  and 60 ,000 l b .  corresponding to moulding 
pressures  o f  318,  637, 1 ,5 90 ,  3 , 1 8 0 ,  6 ,370 ,  11 ,130 ,  and 19,080 p s i . -  The 
loads were appl ied  as in  a t e s t i n g  machine and immediately removed as 
the d e s ir e d  load was reached.  The specimens were removed from t h e i r
13
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moulds  i m m e d i a t e l y  a f t e r  c a s t i n g  and were  k e p t  f o r  one  day i n  l a b o r a ­
t o r y  a i r  f o l l o w e d  by 13 days  i n  damp sa n d .  The r e s u l t s  o b t a i n e d  w i t h  a 
1 : 2 : 4  mix u s i n g  3 / 8 "  s a n d s t o n e  a g g r e g a t e  are  r e p r o d u c e d  i n  F i g .  3^.
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F i g .  3 E f f e c t  o f  Moulding  P r e s s u r e  on C r u s h in g  S t r e n g t h
o f  1 : 2 : 4  C o n c r e t e  ( 3 / 8 "  S a n d s to n e  A g g r e g a t e )
I t  i s  s e e n  h e r e  t h a t  w i t h  m odera te  m ould ing  p r e s s u r e  t h e  c r u s h i n g  
s t r e n g t h  o b t a i n e d  was g r e a t e r  than t h a t  produced by o r d i n a r y  hand 
ramming, and t h e  e f f e c t  o f  h i g h  w a t e r  c o n t e n t  was t o  i n c r e a s e  the  
s t r e n g t h  o f  c o n c r e t e  i n s t e a d  o f  d e c r e a s i n g  i t  as i n v a r i a b l y  was the  
c a s e  w i t h  hand rammed s p e c i m e n s .  From F i g .  3 ,  i t  i s  s e e n  t h a t  f o r  
p r e s s u r e s  g r e a t e r  than  3000 t o  4000 p s i ,  depending  upon t h e  w e t n e s s  o f  
the  m ix ,  t h e  c o m p r e s s i v e  s t r e n g t h  d e c r e a s e d  w i t h  an i n c r e a s e  i n  mould ing  
p r e s s u r e .  The p r e s s u r e  a t  w h ic h  t h e  s t r e n g t h  b e g i n s  to  f a l l  a l s o  v a r i e s  
w i t h  w a t e r  c o n t e n t .  The c r i t i c a l  p r e s s u r e s  i n  the  c a s e  o f  dry m ixes
14
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was about 5000 p s i .  From t h e i r  i n v e s t i g a t i o n  Evan and Moore concluded 
tha t  much depends upon the wetness  o f  the mix,  and although a pressure  
o f  2 t o n s / s q .  i n .  may be app l ied  to a wet and w e l l  graded mix,  a p r e s ­
sure o f  1 t o n / s q .  i n .  or even l e s s  would produce s a t i s f a c t o r y  r e s u l t s .
12Lecznar and B a m o f f  presented  t h e i r  r e s u l t s  i n  1961. Their
work was done on neat  cement p a s t e .  The specimens used were 3 .7  x 3.7
12i n .  c y l i n d e r s .  F ig .  4 shows the e f f e c t  o f  varying moudling pressures  
on a ne a t  cement pas te  with a water-cement r a t i o  o f  0 . 1 0 .
They conc luded,  "the magnitude o f  moulding pressure  and the
len g th  o f  curing time g r e a t l y  e f f e c t  the compressive s tr e n g th  o f  pre­
compressed cement".
4
In s t u d i e s  c a r r i e d  out  by Butt  , Timashov, and Lukatzkaya,
specimens were compressed e i t h e r  by v i b r a t i o n ,  o r  by applying pressure
o n ly  or pressure  in  conjunction wi th  v i b r a t i o n .  Table 1 shows the e f f e c t  
o f  moulding methods on the s t r e n g t h  o f  p l a s t i c  masses .  The water-cement  
r a t i o  employed f o r  t h i s  was 0 . 3 3 .
TABLE I E f f e c t  o f  Moulding Methods on the Strength  o f  P l a s t i c
Masses
Ways o f  Moulding (Compaction) Compressive S tren gth  Kg/sq.cm.
Vib.  w/o additional weight  
( 3 0 , s e c . )
181
Vib.  with additional we ight
( 2 .6 k g / s q . c m . )  30 s e c .
252
P ress ing  at  p = 200 kg /sq .cm. 117
Press ing  at p = 600 kg /sq .cm. 196
P ress ing  at p -  1000 kg /sq .cm. 227
Tamping (60 blows f o r  30 s e c . ) 113
15
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Fig. 4- Moulding Pressure Versus Compressive Strength 
of Meat Cement Paste
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They c o n c lu d e d  from t h e i r  s t u d y ,  " V i b r a t io n  o f  p l a s t i c  m asses  
w i t h  th e  u s e  o f  added w e i g h t  i s  t h e  m ost  e f f e c t i v e  method o f  m ould in g  
s p e c i m e n s " .
2A l l e n  , i n  1966 c a r r i e d  o u t  an e x p e r i m e n t a l  i n v e s t i g a t i o n  to  
d e t e r m in e  th e  e f f e c t i v e n e s s  o f  m ould in g  p r e s s u r e  w i t h  t h e  w i t h o u t  c o n ­
c u r r e n t  v i b r a t i o n  i n  i n c r e a s i n g  th e  c o m p r e s s i v e  s t r e n g t h  o f  c o n c r e t e .
The w a t e r - c e m e n t  r a t i o s  f o r  t h i s  s tu d y  were  0 . 3 5 ,  0 . 4 0 ,  0 . 4 5  and 0 . 5 0 .
The s p e c im e n s  were  t h r e e  by s i x  i n c h  c y l i n d e r s  c a s t  under  m ould ing  p r e s ­
s u r e  o f  1000 and 3000  p s i  and t e s t e d  i n  c o m p r e s s io n  at  7 and 28 day a g e s .  
He c o n c l u d e d  th e  m ou ld in g  c o n c r e t e  under  p r e s s u r e  c o u l d  s i g n i f i c a n t l y  
i n c r e a s e  i t ' s  c o m p r e s s i v e  s t r e n g t h ,  e s p e c i a l l y  at  h i g h e r  w a t e r - c e m e n t  
r a t i o s .  For e x a m p le ,  at  a w a t e r - c e m e n t  r a t i o  o f  0 . 5 0  ( F i g .  5)  t h e  mean 
p e r c e n t a g e  i n c r e a s e  i n  c o m p r e s s i v e  s t r e n g t h  a t  28 day age was 3lf0, f o r  
a mould ing  p r e s s u r e  o f  1 , 0 0 0  p s i  and 51$ f o r  a m ould in g  p r e s s u r e  o f  
3000  p s i ,  w h er e as  f o r  t h e  l o w e s t  w a t e r - c e m e n t  r a t i o  ( 0 . 3 5 )  F i g .  6 ,  the  
h i g h e r  mould ing  p r e s s u r e  produced  i n c r e a s e d  s t r e n g t h s  o v e r  t h e  s ta n d a r d  
moulded s p e c im e n s  and d e c r e a s e  i n  s t r e n g t h  at  lower  p r e s s u r e .  Concurrent  
v i b r a t i o n  under  p r e s s u r e  was n o t  found t o  i n f l u e n c e  s i g n i f i c a n t l y  the  
e f f e c t i v e n e s s  o f  m o u ld in g  p r e s s u r e  i n  i n c r e a s i n g  th e  c o m p r e s s i v e  s t r e n g t h  
o f  c o n c r e t e .
A l l e n  a l s o  s t u d i e d  t h e  e f f e c t  o f  p r e s s u r e  on t h e  c o m p r e s s i v e  
s t r e n g t h  o f  c o n c r e t e  by c a s t i n g  t h e  s p e c im e n s  i n  two o r  t h r e e  l a y e r s  
and a p p l y i n g  p r e s s u r e  to e a c h  o f  i t .  H is  r e s u l t s  are shown g r a p h i c a l l y  
i n  F i g .  7 .
17
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Fig. 5- Effect of Moulding Pressure and Vibration on 
Compressive Strength
18












INITIAL VI/C RATIO .35














10000 '2000 3000 4000
MOULDING PRESSURE, P.S.I.
Fig. 6- Effect of .Moulding Pressure and Vibration on 
Compressive Strength



























-  - K -
STANDARD
COMPRESSED IN TKO LAYERS 
COMPRESSED IN THREE LAYERS
40001000 30002000
MOULDING PRESSURE, P.S.I.





R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
F l e t c h e r  and S an d r e ,  i n  1968 worked on a cement  p a s t e  w i t h
w a t e r - c e m e n t  r a t i o s  o f  0 . 1 2 ,  0 . 2 4  and 0 . 3 6 .  They moulded 2 i n c h  c u b e ,
w i t h  an i n t e n s i t y  o f  m ould ing  p r e s s u r e  o f  4 ,  8 and 12 k s i .  They found
o u t  t h a t  s t r e n g t h  o f  t h e  cement p a s t e  i n c r e a s e d  w i t h  th e  i n t e n s i t y  o f
m o u ld in g  p r e s s u r e .
0 .  I s h a i " ^ ,  was c o n c e r n e d  w i t h  t h e  s t u d y  o f  t h e  m e c h a n ic a l
p r o p e r t i e s  o f  p r e c o m p r e s s e d  m ortar  s p e c i m e n s .
Mix p r o p o r t i o n s  were 1 . 1 : 1  L e i g h t o n - B u z z a r d  sand  t o  P o r t l a n d
Cement by w e i g h t .  The w a t e r - c e m e n t  r a t i o  was 0 . 3 3 .  S t a n d a r d  s p e c im e n s
w e r e  s t o r e d  a t  90-  ^ R.H. and w a t e r  c u r e d  f o r  s i x  more days  a f t e r  demoulding.
The f r e s h  mix was precompressed i n  th e  mould by a c e n t r a l  a x i a l
2
f o r c e ,  e x e r t i n g  an a x i a l  p r e s s u r e  o f  about  160 kg /cm on t h e  m a t e r i a l .
T h i s  p r e s s u r e ,  t r a n s m i t t e d  by a p r e s t r e s s i n g  d e v i c e  and c o u n t e r b a l a n c e d  
l a t e r a l l y  by t h e  mould w a l l s ,  was m a i n t a i n e d  f o r  t h r e e  days  i n  a m o i s t  
e n v i r o n m e n t .
At t h r e e  d a y s ,  a f t e r  r e l e a s e  o f  t h e  a x i a l  c o m p r e s s i o n  and
d e m o ld i n g ,  hardened s p e c im e n s  were  m o i s t  c u r e d  f o r  f o u r  more d a y s .
The p r e s s u r e  was a p p l i e d  to t h e  sp e c im e n  a t  v a r y i n g  t im e s
a f t e r  c a s t i n g .  I t  was s e e n  t h a t  an optimum c o m p r e s s i v e  s t r e n g t h  was
o b t a i n e d  when p r e s s u r e  was a p p l i e d  to  th e  spec im en  a f t e r  t h r e e  hours
10
o f  c a s t i n g  as i s  shown i n  F i g .  8
‘''The i n f l u e n c e  o f  p r e c o m p r e s s io n  was e v i d e n t  i n  a l l  c a s e s .
The r e s u l t i n g  d i s r u p t i o n  o f  s e t t i n g  p r o c e s s  seemed to  have  no a d v e r s e
e f f e c t  on s t r e n g t h  and o t h e r  p r o p e r t i e s  o f  the  hardened  m o r t a r -  r a t h e r  
t o  improve them.
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2 0 0 moist cured Specimen.
0 -------
0
M ix ing  Time
2
AGE AT PREC.OMPRESS1013 (hours)
4 6
F i g .  8 I n f l u e n c e  o f  Time a t  P r e c o m p r e s s io n  on 
C o m p r e s s iv e  S t r e n g t h  o f  S p e c im e n s
I t  can  be s e e n  from t h e  work o f  a l l  p r e v i o u s  i n v e s t i g a t o r s  
t h a t  t h e  s t r e n g t h  i n c r e a s e s  w i t h  an i n c r e a s e  i n  t h e  i n t e n s i t y  o f  m ould­
i n g  p r e s s u r e .  A l l e n  a c h i e v e d  a d e c r e a s e  i n  s t r e n g t h  o f  t h e  p r e s s u r e  
moulded spec im en  o v e r  t h e  s t a n d a r d  spec imen.  -  when a sample  o f  .3 5  w /c  
r a t i o  was s u b j e c t e d  t o  a p r e s s u r e  o f  o n l y  1000 p s i .  T h i s  can be due 
t o  t h e  f a c t  t h a t  p r e s s u r e  was n o t  a t  a l l  e f f e c t i v e  i n  c o m p a c t i n g  t h e  
c o n c r e t e  and t h a t  i s  why a t  h i g h e r  p r e s s u r e  o f  3000  p s i ^  i n c r e a s e  i n  
s t r e n g t h  was o b t a i n e d .  I t  i s  a l s o  n o t i c e d  t h a t  the  h i g h e r  s t r e n g t h  
g a i n s  were  o b ta in ed ^  when th e  i n i t i a l  w a t e r - c e m e n t  r a t i o s  were  h i g h .
A. 2 E f f e c t  o f  I n t e n s i t y  o f  Moulding P r e s s u r e  on F i n a l  Water-Cement
R a t i o s
Of the  i n v e s t i g a t o r s  m e n t i o n e d  under  the  p r e v i o u s  su b h e a d in g  
o n l y  a few  d e t e r m in e d  t h e  e f f e c t  o f  p r e s s u r e  on th e  f i n a l  w a t e r - c e m e n t
22
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r a t i o  and i t s  e f f e c t  on th e  s t r e n g t h  o f  the  c o n c r e t e .
Abrams^- i n v e s t i g a t e d  the e f f e c t  o f  p r e s s u r e  on f i n a l  w a t e r -  
cement  r a t i o  and s t r e n g t h  and c o n c l u d e d  t h a t  the  a p p l i c a t i o n  o f  p r e s s u r e  
i n c r e a s e d  the s t r e n g t h  o f  c o n c r e t e  i n  accordance  w i t h  t h e  q u a n t i t y  o f  
m ix i n g  w a t e r  e x p e l l e d  as  shown i n  F i g .  9 ’*". T h is  was i n  accord an c e  w i t h  
t h e  w a t e r - c e m e n t  r a t i o  law e s t a b l i s h e d  by Abrams h i m s e l f  and he c o n c lu d e d  
t h a t  t h e  same law i s  v a l i d  f o r  p r e s s u r e  moulded s p e c i m e n s .
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W a t e r - R a t io  a f t e r  P r e s s u r e
F i g .  9 E f f e c t  o f  Q u a n t i ty  o f  Mixing Water on t h e  S t r e n g t h
o f  C o n c r e t e
Evans and Wood^ n o t e d  t h a t  c o n s t a n t  m ould ing  p r e s s u r e s  o f  637 ,  
1 , 5 9 0 ,  6 , 3 7 0 ,  and 1 9 , 0 8 0  p s i  l e a v e  a p p r o x i m a t e ly  the  same amount o f  
w a t e r  i n  b o t h  w e t  and semi wet  m i x e s .  However,  i n  t h e  c a s e  o f  e x t r e m e l y  
w e t  and e x t r e m e l y  dry m i x e s ,  i t  was o b s e r v e d  t h a t  a f t e r  t h e  a p p l i c a t i o n  
o f  m ould in g  p r e s s u r e ,  s p e c im e n s  made from the  i n i t i a l l y  v e r y  wet  mix  
had a l o w e r  w a t e r  c o n t e n t  than  t h o s e  pre p ar e d  from e x t r e m e l y  dry m i x e s .
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"The r e a so n  f o r  t h i s  a pparent  d i s c r e p a n c y " ,  a s  s u g g e s t e d  by t h e  au th o r s
" i s  t h a t  a w e t t e r  mix c o n s o l i d a t e s  more e a s i l y  u n d er  p r e s s u r e  and t h a t
i t s  u s e  r e s u l t s  i n  a d e n s e r  mix s uch  t h a t  t h e  e x p e l l e d  w a t e r  h as  l e s s
v o i d s  to f i l l  b e f o r e  i t  u l t i m a t e l y  a ppears  on th e  e x t e r n a l  s u r f a c e  o f
the  s p e c i m e n s .  No e f f o r t s  were  made to r e l a t e  f i n a l  w a t e r - c e m e n t  r a t i o
to th e  s t r e n g t h  o f  th e  s p e c i m e n s .
2
A l l e n  ,  s t u d y i n g  t h e  e f f e c t  o f  p r e s s u r e  on f i n a l  w a t e r - c e m e n t
r a t i o  r e p o r t e d  t h a t  more w a t e r  was e x p e l l e d  from m ix e s  h a v i n g  t h e  h i g h e s t
2
i n i t i a l  w a t e r - c e m e n t  r a t i o ,  as shown i n  F i g .  10 . He f u r t h e r  r e p o r t e d  
t h a t  t h i s  was n o t  c o m p l e t e l y  i n  agreem ent  w i t h  t h a t  found  by Evans and 
Wood. I n  r a g r d  to  t h e  r e l a t i o n  b e t w e e n  t h e  f i n a l  w a t e r - c e m e n t  r a t i o s  
and t h e  s t r e n g t h  o f  t h e  s p e c i m e n s ,  he  c o n c l u d e d  "The i n v e r s e
r e l a t i o n s h i p  e s t a b l i s h e d  by Abrams d o e s ,  n o t ,  h o w e v e r ,  appear  to  be 
v a l i d  i n  t h e  c a s e  o f  p r e s s u r e  moulded s p e c i m e n s " .  An e x a m i n a t i o n  o f  
t h e  f i g u r e ^  wou ld  seem t o  i n d i c a t e  t h a t  th e  r e l a t i o n s h i p  be tw e e n  com­
p r e s s i v e  s t r e n g t h  and w a t e r - c e m e n t  r a t i o  f o r  t h e  p r e s s u r e  moulded  
spec im en  i s  n o t  u n i q u e ,  but  a f u n c t i o n  o f  o t h e r  v a r i a b l e s  w h ic h  must  
be known b e f o r e  th e  e x a c t  form o f  t h e  r e l a t i o n s h i p  can  be e s t a b l i s h e d .
For example ,  d i f f e r e n t  i n t e n s i t i e s  o f  m o u ld in g  p r e s s u r e s  are  r e s p o n s i b l e
2
f o r  the  f a m i l y  o f  c u r v e s  o b t a i n e d  i n  F i g .  11 .
g
F l e t c h e r  and Sandre  a g r e e d  w i t h  A l l e n  when t h e y  r e p o r t e d
8"We o b s e r v e  a l s o  from F i g .  12 t h a t  t h e  r e l a t i o n  b e t w e e n  w a t e r - c e m e n t  
r a t i o  and s t r e n g t h  i n  t h i s  programme v i o l a t e s  Abrams w e l l - k n o w n  and 
o f t e n  u s e d  r e l a t i o n  the  s t r e n g t h  d e c r e a s e s  as w a t e r - c e m e n t  r a t i o  increases".
24
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MOULDING PRESSURE, P.S. I.
Fig. 10- Effect of Moulding Pressure and Vibration on 
Final Water-Cement Ratio
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28 DAY TEST. SPECIMENS
/  
/  / 
/ /




MOULDING PRESSURE = 1000 P.S.I. 
MLD. PRES.=1000 P.S.I., VIBRATED 
MOULDING PRESSURE= 3000 P.S.I.
— ----   MLD. PRES.= 3000 P.S.I., VIBRATED
_L
.35 .40 .45
WATER - CEMENT RATIO
.50 .55
Fig. 11- Compressive Strength Versus Water-Cement Ratio
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NOTE: COMPRESSIVE STRENGTH BASED 
ON THE AVERAGE OF ALL MOULDING
Pr e s s u r e , p r e s s u r e  d u r a t i o n s ,- a n d  
a g e s  f o r  e a c h  vjater-c e m e n t  r a t i o .
0 .12 . 2 4 ....  . i c .........
WATER-CEMENT r a t i o
Fig. 12- Effect of Water-Ceraent Ratio on Compressive 
Strength
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A , 3 E f f e c t  o f  I n t e n s i t y  o f  Moulding P r e s s u r e  on D e n s i t y
Only a few r e s e a r c h e r s  i n v e s t i g a t e d  the  e f f e c t  o f  m ou ld ing
p r e s s u r e  on the  d e n s i t y  o f  the  c o n c r e t e .
14McKibben found  t h a t  p r e s s u r e  moulded s p e c im e n s  had a 4^ 
i n c r e a s e  i n  d e n s i t y  o v e r  th e  s t a n d a r d  s p e c im e n  and t h i s  d e n s i t y  i n c r e a s e  
l e d  t o  a s t r e n g t h  i n c r e a s e  o f  15;o o v e r  th e  s t r e n g t h  o f  s t a n d a r d  s p e c im e n .
7
Evans  and Wood showed t h a t  d e n s i t y  i n c r e a s e s  w i t h  the  
m o u ld in g  p r e s s u r e .  They a l s o  n o t e d  " th e  use  o f  too  l i t t l e  w a t e r  would  
be e x p e c t e d  to  r e s u l t  i n  t h e  p a r t i c l e s  o f  a g g r e g a t e s  n o t  b e i n g  s u f f i ­
c i e n t l y  w e l l  l u b r i c a t e d  to c o n s o l i d a t e  t h e m s e l v e s  i n  such  a manner as
to  g i v e  a conc i* ete  o f  maximum d e n s i t y 7' .
2
A l l e n  a l s o  r e p o r t e d ,  "That f o r  t h e  f o u r  w a t e r - c e m e n t  r a t i o s  used 
i n  t h e  programme, t h e  d e n s i t y  o f  t h e  p r e s s u r e - m o u l d e d  s p e c im e n s  i n ­
c r e a s e d  w i t h  an i n c r e a s e  i n  m ould ing  pressure".
The e f f e c t  o f  p r e s s u r e  on d e n s i t y  when t h e  s p e c im e n s  were  c a s t
i n  two o r  t h r e e  l a y e r  -  p r e s s u r e  a p p l i e d  to  e a c h  l a y e r  -  i s  shown by 
2
A l l e n  i n  F i g .  13 . I t  c a n  be s e e n  from t h e  f i g u r e  ( F i g .  1 3 ) ,  t h a t  f o r  
a m ould ing  p r e s s u r e  o f  1000  p s i ,  m o u ld in g  i n  t h r e e  l a y e r s  r e s u l t e d  i n  
h i g h e r  d e n s i t i e s  t h e n  d i d  m ould ing  i n  o n l y  two l a y e r s ,  b u t  f o r  a 
m ould ing  p r e s s u r e  o f  3 , 0 0 0  p s i ,  m ou ld in g  i n  t h r e e  l a y e r  l e d  to  l o w e r  
d e n s i t i e s :  i . e .  t h e  d e n s i t y  d e c r e a s e d  from 1 5 8 . 1  l b s  p e r  c u b i c  f o o t  to
157 -7  l b s .  p e r  c u b i c  f o o t .
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  COMPRESSED IN TV.’O LAYERS





Fig. 13- Effect of Density of Moulding in Two and 
Three Lavers
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5000
B . l  E f f e c t  o f  P r e s s u r e  D u r a t i o n  on S t r e n g t h
In  m ould ing  s p e c im e n s  by p r e s s u r e ,  t h e  e f f e c t  o f  p r e s s u r e
14d u r a t i o n  was c o n s i d e r e d  by o n l y  a few  o f  t h e  w o r k e r s .  McKibben ,
a p p l i e d  t h e  m ould in g  p r e s s u r e  f o r  a "few m in u t e s "  and he made no
7
a t tem pt  t o  s e e  t h e  e f f e c t  o f  d u r a t i o n  o f  p r e s s u r e .  Evans and Wood, 
a p p l i e d  t h e  l o a d s  a t  a normal r a t e  cus tom ar y  i n  t e s t i n g  m ach ine s  and 
removed i m m e d ia t e ly  th e  d e s i r e d  l o a d  was r e a c h e d .  Abrams‘S  s u b j e c t e d  
h i s  s p e c im e n s  be tw e e n  t h e  p r e s s u r e  d u r a t i o n  o f  15 m in u t e s  and 15 h o u r s  
and c o n c l u d e d  t h a t  p r e s s u r e  d u r a t i o n  has  no e f f e c t  on th e  s t r e n g t h  o f  
c o n c r e t e .
2
A l l e n  , s t u d i e d  t h e  e f f e c t  o f  p r e s s u r e  d u r a t i o n  a t  t h e  w a t e r -
cement  r a t i o  o f  0 . 4 0  and a p r e s s u r e  o f  3000  p s i .  The p r e s s u r e  d u r a t i o n s
s t u d i e d  were  15 s e c . ,  1 m i n u t e , 1 1 / 2  m i n u t e s ,  2 m i n u t e s  and 5 m i n u t e s .
From t h i s  he c o n c l u d e d  t h a t  an optimum s t r e n g t h  was o b t a i n e d  a t  1 1 / 2
2m i n u t e s .  P r e s s u r e  d u r a t i o n  as  shown i n  F i g .  14 .
8F l e t c h e r  and S an d r e ,  r e p o r t e d  t h a t  d u r a t i o n  o f  p r e s s u r e  has  
p r a c t i c a l l y  no e f f e c t  on t h e  s t r e n g t h  o f  cement  p a s t e .
B .2  E f f e c t  o f  P r e s s u r e  D u r a t io n  on D e n s i t y  
2
A l l e n  was t h e  o n l y  one to i n v e s t i g a t e  the. a f f e c t  o f  p r e s s u r e  
d u r a t i o n  on t h e  d e n s i t y  o f  c o n c r e t e .  He r e p o r t e d ,  " I t  i s  i n t e r e s t i n g  to  
n o t e  t h a t  maximum d e n s i t y  was o b t a i n e d ,  a p p r o x i m a t e l y ,  a t  a d u r a t i o n  
t im e  which  p r o v i d e d  th e  h i g h e s t  s t r e n g t h s  f o r  c o n c r e t e  o f  t h i s  p a r t i c u l a r  
mix ( a p p r o x i m a t e l y  1 1 / 2  m i n u t e s ) "  F i g .  15".
30





















28 DAY TEST. SPECIMENS 
V7/C ratio - .40
MOULDING PRESSURE= 3000 P.S.I.




VIBRATION UNDER PRESSURE 




Fig. 14- Effect of Pressure Duration on Compressive 
Strength

























28 Day Test Specimens 
v/c Ratio =.40
Moulding Pressure = 3,000 P.S.I,
Q  STANDARD
— —  VIBRATION UNDER PRESSURE






Fig. 15- Effect of Pressure Duration on' Density
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No e f f o r t  was made by any o f  the prev io us  i n v e s t i g a t o r s  to 
r e l a t e  pressure  durat ion  to f i n a l  water-cement r a t i o .
33
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CHAPTER IV
EXPERIMENTAL PROGRAMME 
The main e x p e r i m e n t a l  programme ( P a r t  I )  was c a r r i e d  o u t  to  
d e t e r m in e  t h e  e f f e c t  o f  p r e s s u r e  i n t e n s i t y  and d u r a t i o n  on  t h e  c o m p re s ­
s i v e  s t r e n g t h  o f  c o n c r e t e  m i x e s .  The e f f e c t  o f  p r e s s u r e  i n t e n s i t y  and 
d u r a t i o n  on d e n s i t y  and f i n a l  w a t e r - c e m e n t  f a t i o  w a s  a l s o  s t u d i e d .
A s u b s i d i a r y  e x p e r i m e n t a l  programme ( P a r t  I I )  was u n d e r t a k e n  
t o  s t u d y  t h e  e f f e c t  o f  a w a t e r - r e d u c i n g  adm ix ture  i n  i n c r e a s i n g  t h e  
c o m p r e s s i v e  s t r e n g t h  and d e n s i t y  and i n  r e d u c i n g  t h e  f i n a l  w a t e r -  
cement r a t i o  o f  th e  c o n c r e t e  s p e c im e n s  when s u b j e c t e d  t o  one m ould ing  
p r e s s u r e .
The v a r i a b l e s  i n v o l v e d  i n  c o n d u c t i n g  t h e  e x p e r i m e n t a l  programmes  
were  as f o l l o w s :
A. P a r t  I
1,  Water-Cement R a t i o
The w a t e r - c e m e n t  r a t i o s  i n v o l v e d  i n  t h i s  s t u d y  were  0 . 4 5 ,  0 . 5 5
and 0 . 6 5 .
2• I n t e n s i t y  o f  Moulding P r e s s u r e
A f t e r  some p r e l i m i n a r y  work and on the  b a s i s  o f  t h e  l i t e r a t u r e  
r e v i e w  on t h i s  s u b j e c t  i t  was d e c i d e d  to  adopt  i n t e n s i t i e s  o f  m ould ing  
p r e s s u r e  o f  3000  p s i ,  4500 and 6000 p s i .
3 .  D u ra t ion  o f  Mould ing P r e s s u r e
Three  d i f f e r e n t  d u r a t i o n s  o f  p r e s s u r e  were  s e l e c t e d ,  i . e . ,
34
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.1 m in u t e ,  1 1 / 2  m i n u t e s ,  and 2 m i n u t e s .  The r a t e  o f  p r e s s u r e  a p p l i c a t i o n  
was such  as  t o  r e a c h  the  maximum p r e s s u r e  i n  30 s e c o n d s  and t h i s  p r e s s u r e  
was th e n  h e l d  f o r  t h e  d e s i r e d  d u r a t i o n  as  m e n t i o n e d  above .  Spec imens  
from a l l  w a t e r - c e m e n t  r a t i o  m ix e s  were  s u b j e c t e d  t o  t h e  t h r e e  d i f f e r e n t  
p r e s s u r e  i n t e n s i t i e s  and t h e  t h r e e  d i f f e r e n t  d u r a t i o n s .
4 .  T e s t  Ages
C om p r e ss ive  s t r e n g t h  o f  the  c o n c r e t e  s p e c im e n s  were d e ter m in ed  
at  b o th  t h e  s e v e n  day and 28 day a g e s .  D e n s i t i e s  and f i n a l  w a t e r -  
cement  r a t i o s  were  c a l c u l a t e d  f o r  a l l  s p e c im e n s .
B. P a r t  I I
1 .  Water-Cement R a t i o
The w a t e r - c e m e n t  r a t i o s  i n v o l v e d  i n  t h i s  s tu d y  were 0 . 4 5 ,
0 . 5 5  and 0 . 6 5 .
2 .  I n t e n s i t y  o f  Moulding P r e s s u r e
A p r e s s u r e  i n t e n s i t y  o f  4500 p s i  was adopted  f o r  mould ing  
sp e c im e n s  i n  t h i s  g r o u p .
3 .  D u r a t i o n  o f  P r e s s u r e
A p r e s s u r e  d u r a t i o n  o f  one and a. h a l f  m i n u t e s  was u s e d  f o r  
c o m p r e s s in g  t h e  s p e c i m e n s .
4 .  Dosage  o f  Water-Reducer  Admixture
The w a t e r - r e d u c e r  u s e d  f o r  t h i s  s tu d y  was P o z z i l a n  100 -N .  The 
amount u s e d  was f o u r  o u n c e s  p e r  100 l b s  o f  c e m e n t .  The admixture  was  
d i s s o l v e d  i n  w a t e r .
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5.  Test  Ages
Specimens V7ere provided for compression testing at 7 and 28 
day ages for this study.
36




1 .  Mixing Apparatus
A drum m ix e r  o f  I i l l  c u b i c  f o o t  c a p a c i t y  was u s e d  f o r  the  
e n t i r e  programme. I t  was m a n u f a c t u r e d  by S o i l t e s t  I n c o r p o r a t e d  and 
i s  powered  by a 1 / 2  H .P .  e l e c t r i c  m o t o r ,  s u i t a b l e  f o r  220 V o l t ,  60 
c y c l e ,  3 ph ase  A.C.  o p e r a t i o n .  F i g .  16 shows t h e  m ix i n g  a p p a r a t u s .
2 .  -Spec imen Moulds
During t h e  c o u r s e  o f  p r e l i m i n a r y  s t u d i e s ,  i t  was found t h a t  
n e i t h e r  t h e  s t a n d a r d  moulds c o n f o r m in g  t o  ASTM S p e c i f i c a t i o n  C 1 9 2 - 6 2 7 ,  
n or  a mould w i t h  a s l i g h t l y  h e a v i e r  g a g e  s t e e l y  were  s u i t a b l e  f o r  c a s t i n g  
p r e s s u r e  moulded s p e c i m e n s .  Under t h e  a p p l i c a t i o n  o f  p r e s s u r e ,  d u r in g  
t h e ' p r o c e s s  o f  c a s t i n g ,  b o t h  o f  the  above m e n t i o n e d  moulds b u l g e d  o r  
i n  some c a s e s  the  h o l d i n g  s c r e w s  were broken i n  r e s i s t i n g  t h e  heavy  
p r e s s u r e .  T h e r e f o r e ,  i n  o r d e r  to  overcome t h i s  d i f f i c u l t y  s p e c i a l  mould  
were  made i n  t h e  l a b o r a t o r y  w i t h  1 / 4 "  t h i c k  s e a m l e s s  s t e e l  p i p e .  A lso  
to  r e s i s t  the  h i g h  p r e s s u r e ,  t h e y  were  p r o v i d e d  w i t h  t h r e e  h o l d i n g  
s c r e w s  as shown i n  F i g .  17 .  The b a s e s  f o r  t h e  p r e s s u r e  moulded s p e c im e n s  
were p e r f o r a t e d  to p e r m i t  d r a i n a g e  and a p o l y p r o p y l e n e  f i l t e r  c l o t h  was 
p r o v i d e d  t o  p r e v e n t  t h e  e s c a p e  o f  f i n e  p a r t i c l e s  thr ou gh  t h e  p e r f o r a t e d  
h o l e s .  The moulds were  a l s o  p r o v i d e d  w i t h  f l e x i b l e  rubber  c o l l a r s  w h ic h  
c o u l d  be f i t t e d  to  t h e  t o p  o f  t h e  mould to  a i d  i n  t h e  f i l l i n g  o p e r a t i o n .
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F i g .  16 Mixer
F i g .  17 1 .  Moulds used  f o r  P r e s s u r i z e d  Spec imens  w i t h
F l e x i b l e  C o l l a r
2 .  Moulds u sed  f o r  S tandard  S p e c im e n s .
3 .  P l u n g e r  Showing the  P a t t e r n  o f  l / 8 " h o l e s  
a t  t h e  lower  end .
4 .  P e r f o r a t e d  base  ( r i g h t )  and P o l y p r o p y l e n e  
F i l t e r  i n s e r t  ( l e f t ) .
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3 .  V i b r a t i n g  Equipment
The s p e c im e n s  were  v i b r a t e d  b e f o r e  b e i n g  s u b j e c t e d  to  p r e s s u r e  
on a v i b r a t i n g  t a b l e ^  m a n u fa c tu r e d  by S o i l t e s t  I n c o r p o r a t e d .  The m otor  
v i b r a t o r ^  model  U . S .  450^ was s u p p l i e d  by Vibro I n c o r p o r a te d ^  and g e n ­
e r a t e d  3^600 v i b r a t i o n s  p e r  m in u te  a t  a f r e q u e n c y  o f  9 ^ 0 0 0  c . p . s .
( S e e  F i g .  18)
4 .  P r e s s u r e  Moulding Ap paratus
The a p p a r a t u s  shown i n  F i g .  19 was employed  i n  c o m p r e s s i n g  t h e  
c o n c r e t e  p l a c e d  i n  t h e  m o u ld s .  I t s  f u n c t i o n a l  p a r t s  are  a 30 t o n  
c a p a c i t y  'B lackhawk'  h y d r a u l i c  j a c k  and a s o l i d  s t e e l  p l u n g e r  w i t h  
minimum t h i c k n e s s  i n  t h e  m id d le  o f  i t s  l e n g t h .  The d i a m e t e r  o f  t h e  
p l u n g e r  a t  i s  l o w e r  end was s l i g h t l y  l e s s  than  t h a t  o f  t h e  m o u ld s .  The
low er  ( o r  f r e e  e n d s )  end o f  t h e  p l u n g e r  had  1 / 8 " h o l e s  a r r a n g e d  i n  t h e  
p a t t e r n  as  shown i n  t h e  F i g .  17 .  These  t r a n s v e r s e  h o l e s  ran up to  1 "  
d e p t h .  At 1" dep th  ( fr o m  t h e  f r e e  end o f  t h e  p l u n g e r )  l o n g i t u n d i n a l  
h o l e s  o f  1 / 8 "  was p r o v i d e d  f o r  the d r a i n a g e  o f  t h e  w a t e r  e x p e l l e d  from  
t h e  c o n c r e t e  p l a c e d  i n  t h e  m o u ld s .  A p o l y p r o p y l e n e  f i l t e r  c l o t h  was  
p r o v i d e d  on t h e  to p  o f  t h e  c o n c r e t e  t o  p r e v e n t  t h e  m i g r a t i o n  o f  f i n e  
cement  p a r t i c l e s .
B.  M a t e r i a l s
1.  Cement
The cement  u s e d  f o r  t h e  c o n c r e t e  m ix e s  was Lake O n ta r io  Type  
I  P o r t l a n d  Cement.  The p r o p e r t i e s  o f  t h e  cement are  g i v e n  i n  Appendix  
A.
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F i g .  18 V i b r a t i n g  Tab le
F i g .  19 P r e s s u r e  Moulding Apparatus
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2 .  F in e  A ggrega te
P a r i s  Sand m e e t in g  ASTM r e q u i r e m e n t s  f o r  c o n c r e t e  sand was  
employed as t h e  f i n e  a g g r e g a t e .  I t s  p r o p e r t i e s  are  l i s t e d  i n  Appendix A.
3 .  Coarse  A ggrega te
The c o a r s e  a g g r e g a t e  employed f o r  t h i s  s tu d y  was a Dundas 
d o l o m i t e  o f  maximum 3 / 8 "  s i z e ,  conform ing  to  ASTM S p e c i f i c a t i o n s  f o r  
c o n c r e t e  a g g r e g a t e s .  P h y s i c a l  p r o p e r t i e s  o f  t h e  a g g r e g a t e  may be  found  
i n  Appendix A.
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CHAPTER VI 
EXPERIMENTAL PROCEDURES
1 .  D e s ign  o f  Mixes
The d e s i g n  o f  th e  m ix e s  h a v i n g  w a t e r - c e m e n t  r a t i o s  o f  . 4 5 ,
. 5 5 ,  and .6 5  was i n  a c c o r d a n c e  w i t h  t h e  A . C . I .  m eth od .  I n i t i a l l y ,  
s e v e r a l  m i x e s  were  d e s i g n e d  f o r  e a c h  o f  t h e  w a t e r - c e m e n t  r a t i o s ,  h a v in g  
d i f f e r e n t  w a t e r  c o n t e n t s  and d i f f e r e n t  a g g r e g a t e - c e m e n t  r a t i o s .  S p e c i ­
mens were  p r o v i d e d  from e ach  o f  t h e s e  m ix e s  f o r  s t r e n g t h  t e s t s  a t  3 d a y s ,  
7 days  and 28 d a y s .  On t h e  a v e r a g e  two s p e c im e n s  were p r o v i d e d  f o r  t h e  
t h r e e - d a y  s t r e n g t h ,  t h r e e  o r  f o u r  f o r  s e v e n  day,  and f o u r  o r  f i v e  f o r  
t w e n t y - e i g h t  day t e s t s .  The t e s t  r e s u l t s  f o r  a l l  t h e  m ix e s  o f  a g i v e n  
w a t e r - c e m e n t  x^ere compared,  and t h e  mix  g i v i n g  t h e  h i g h e s t  s t r e n g t h  
f o r  a g i v e n  w a t e r - c e m e n t  r a t i o  was n o t e d .  Two o r  t h r e e  o f  t h e  m i x e s ,  
from a s i n g l e  w a t e r - c e m e n t  r a t i o s ,  g i v i n g  h i g h e r  s t r e n g t h  were  a l s o  
s u b j e c t e d  t o  p r e s s u r e  t o  c h e c k  t h e i r  b e h a v i o u r  when c o m p r e s s e d .  The 
f i n a l  s e l e c t i o n  o f  t h e  m ix e s  f o r  t h e  main program o f  s t u d i e s  was s e l e c ­
t e d  k e e p i n g  i n  mind bo th  o f  t h e  above f a c t s .
Mix p r o p o r t i o n  and cement  f a c t o r s  o f  t h e  t h r e e  m i x e s  s e l e c t e d  
a r e  g i v e n  i n  T a b le  2.  The f i g u r e  shown r e p r e s e n t  t h e  amount o f  m a t e r i a l  
added to  t h e  m ix e r  to y i e l d  10 s p e c im e n s  p e r  b a t c h  p l u s  a s m a l l  a l l o w ­
ance f o r  w a s t e .  The q u a n t i t y  o f  w a t e r  shown he r e  d o e s  n o t  i n c l u d e  t h e  
amount o f  w a t e r  nee d e d  due to  th e  a b s o r p t i o n  o f  f i n e  and c o a r s e  a g g r e ­
g a t e .
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TABLE 2 Mix P r o p o r t i o n s
Components w/c = .45 w/c = .55 w/c = .65
Cement 1 0 .1 9 .60 9 . 0
Water 4 .5 5 5.29 5 .87
Coarse Agg. 15.6 15.6 16:1
Fine Agg. 24.6 22.9 2 2 .1
Cement Factor  
sk . /yd^
8 .50 8 .1 1 9 .28
2.  (a)  Moulding and Compaction (Part  I)
From each batch 10,  3 x 6  i n .  c y l i n d e r s  were moulded. All  the  
specimens were subjec ted  to d i f f e r e n t  c o n d i t i o n s  - ( P a r t  I ) .  One batch  
was c a s t  i n  the morning and one in  the a f ternoon .  The specimens c a s t  
on the morning o f  the  f i r s t  day provided specimens f o r  the seven  -day  
t e s t s ,  wh i le  those c a s t  i n  the afternoon provided specimens fo r  twenty-  
e igh t -d ay  t e s t s .  The next  day the order o f  the batches  f o r  the seven and 
tw enty -e igh t  days t e s t s  was rever se d .  This  c y c l e  cont inued  throughout  
Part I .  Each o f  the specimens was moulded in  a standard manner. The 
standard method being o f  moulding specimens was as f o l l o w s :
The moulds were f i l l e d  w i th  con c r e te  in.  approximately three  
equal  l a y e r s .  Each la y e r  was tamped 25 t imes with a standard tamping rod.  
As soon as the f i r s t  l a y e r  x a^s placed  in  a l l  the mould; the specimens  
were placed on a v i b r a t i n g  t a b le  and soon afterwards the v i b r a t i o n  was 
s t a r t e d .  Tamping and p lac in g  o f  the o ther  two la y e r s  was done wh i le  the 
v ib r a t i o n  x a^s i n  p r o c e s s .  V ibrat ion  xiras c a r r i e d  out  f o r  10 minutes .
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A p p l i c a t i o n  o f  p r e s s u r e  f o l l o w e d  a f t e r  t h i s  p r o c e s s  i n  t h e  manner
i n d i c a t e d  be low  i n  T ab le  3
TABLE 3 Scheme f o r  A p p ly in g  P r e s s u r e  to  t h e  Spec im ens
( P a r t  I )
Specimen  
N o s . Treatment  o f  C o n cr e te
1 S t d ( n o  p r e s s u r e  a p p l i e d )
2 3Ksi  f o r  1 m inute
5 4 . 5 K s i  f o r  1 m inu te
8 6 . 0 Ksi f o r  1 m inute
3 3Ksi  f o r  1~  m in u te s
6 4 . 5 K s i  f o r  1~ m in u te s
9 6 . 0 K s i  f o r  1~ m in u te s
4 3 . 0 K s i  f o r  2 m in u te s
7 4 . 5K si  f o r  2 m in u te s
10 6 . 0 Ksi  f o r  2 m in u te s
2 .  ( b )  Moulding and Compaction ( P a r t  I I )
The b a t c h  made i n  the  morning o f  t h e  f i r s t  day d i d  n o t  c o n t a i n  
t h e  w a t e r - r e d u c e r , w h i l e  t h a t  made i n  the  a f t e r n o o n  c o n t a i n e d  t h e  w a t e r -  
r e d u c e r .  Next  day t h e  p r o c e s s  was r e v e r s e d  and was c o n t i n u e d  t h r o u g h o u t  
t h i s  s t u d y .  Spec im ens  numbering one  to  f i v e  were s t a n d a r d  s p e c im e n s  
( w i t h o u t  a p p l i c a t i o n  o f  p r e s s u r e )  and t h e  sp e c im e n s  numbering s i x  to  
t e n  were f u r t h e r  s u b j e c t e d  to a p r e s s u r e  o f  4500 p s i  f o r  1 1 / 2  m in u t e s
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d u r a t i o n .  S p ec im ens  -  f o r  a s i n g l e  w / c  r a t i o  -  p r o v i d e d  f o r  7 and 28-  
days t e s t s  from e a c h  b a t c h  ar e  shown i n  Tab le  4 .  The p r o c e s s  o f  c a s t i n g  
c y l i n d e r  was same as d e s c r i b e d  i n  2 . ( a ) .
TABLE 4 Scheme f o r  A p p ly in g  P r e s s u r e  to  t h e  Spec im en
( P a r t  I I )
b a t c h
No. Type
7 day 28 day
S t d . P r e s s u r i z e d S t d . P r e s s u r i z e d
1 w/o  w a t e r - r e d u c e r 1 - 3 6 - 8 4&5 9&10
2 w i t h  w a t e r - r e d u c e r 4&5 9&10 1 - 3 6 - 8
3 w i t h  w a t e r - r e d u c e r 1 - 3 6 - 8 4&5 9&10
4 w /o  w a t e r - r e d u c e r 4&5 9&10 1 - 3 6 - 8
3 .  Curing  and T e s t i n g  o f  t h e  S p ec im ens
Soon a f t e r  t h e  p r o c e s s  o f  c o m p r e s s in g  t h e  s p e c i m e n s  was o v e r ;  
t h e  s p e c im e n s  were  k e p t  u n d e r  a w et  b u r la p  f o r  24 h r s .  The s p e c im e n s  
were t h e n  s t r i p p e d  from t h e  moulds and c u r e d  un d er  w a t e r  a t  70+3F f o r  
t h e  r e m ain d e r  o f  t h e  7 o r  28 d a y s .
The s p e c im e n s  were  removed from t h e  c u r i n g  t a n k  about  two 
h o u r s  p r i o r  to t e s t i n g .  The s u r f a c e s  o f  t h e  s p e c im e n s  w ere  w ip e d  d r y .  
The s p e c im e n s  were t h e n  w e i g h e d  and t h e  l e n g t h  and d i a m e t e r  m easurements  
t a k e n  so  t h a t  d e n s i t i e s  c o u l d  be c a l c u l a t e d .  A f t e r  w e i g h i n g  s p e c im e n s  
were  k e p t  und er  w e t  b u r l a p  to  p r e v e n t  e v a p o r a t i o n  o f  w a t e r .  S h o r t l y  
b e f o r e  t e s t i n g  i n  c o m p r e s s io n ^  the  s p e c im e n s  were  c ap p e d  w i t h  a m o l t e n
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s u l p h u r  m ix t u r e  i n  a c c o rd a n c e  w i t h  A.S .T .M .  s p e c i f i c a t i o n  C192. A l l  
t e s t i n g  was per form ed  on a 3 0 0 , 0 0 0  l b s .  T inus  O l s e n  t e s t i n g  machine  
e q u ip p e d  w i t h  s p h e r i c a l l y  s e a t e d  h e a r i n g  b l o c k s .
4 .  C a l c u l a t i o n  o f  F i n a l  Water-Cement R a t io
For  c a l c u l a t i n g  t h e  f i n a l  w a t e r - c e m e n t  r a t i o ,  t h e  w e i g h t  o f  
e a c h  s pec im en  w i t h  mould was t a k e n ,  b e f o r e  th e  p r e s s u r e  was a p p l i e d .  
A g ain ,  a f t e r  t h e  a p p l i c a t i o n  o f  p r e s s u r e  t h e  w e i g h t  o f  t h e  spec im en  and 
moulds  was t a k e n .  The d i f f e r e n c e  o f  th e  two r e a d i n g s  gave  the  amount o f  
w a t e r  e x p e l l e d  due to  th e  a p p l i c a t i o n  o f  p r e s s u r e .  S i n c e  the  i n i t i a l  
m o i s t u r e  c o n t e n t  o f  the  sp e c im e n  was p r e d e t e r m i n e d ,  i t s  f i n a l  w a t e r  
c o n t e n t  c o u l d  t h e n  be c l a c u l a t e d .  The cement c o n t e n t  o f  t h e  spec im en  
was a l s o  c a l c u l a t e d  from t h e  known b a t c h  q u a n t i t i e s .  Knowing b o t h  t h e  
cement  and w a t e r  c o n t e n t s ,  t h e  f i n a l  w a t e r - c e m e n t  r a t i o  c o u l d  be f o u n d .
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CHAPTER V I I I
DISCUSSION OF RESULTS 
The r e s u l t s  o f  the  exper imenta l  s t u d i e s  are shown in  Appendix 
B, Tables 1(a)., l ( b ) ,  2(a)  and 2(b)  and are presented,  g r a p h i c a l l y  in  
F ig s .  20 to 44. The data ob ta in ed  has been analyzed s t a t i s t i c a l l y  to 
determine whether or  not  the d i f f e r e n c e s  are s i g n i f i c a n t .  Among the 
analyzed data are g iven  the mean v a lu e s  o f  compressive s t r e n g t h ,  d e n s i ty  
and f i n a l  water-cement r a t i o .  The standard d e v i a t i o n ,  c o e f f i c i e n t  o f  
v a r ia t i o n  and percentage ,  o f  compressive  s tr e n g th  or  d e n s i t y ,  h igher  or  
lower than the re fe r en ce  specimen has al so  been c l a c u l a t e d .  Each po int  
i n  a l l  the f i g u r e s  r e p r e s e n t s  the average o f  at  l e a s t  f i v e  t e s t ,  the only  
except ion  being when a t e s t  v a lu e  was di scarded f o r  warrantable reasons.
Part  I
1.  E f f e c t  o f  I n t e n s i t y  o f  Moulding Pressure
(a )  In f lu e n c e  on Compressive S t r e n g t h . The e f f e c t  o f  moulding 
pressure  on compressive s t r e n g t h  i s  shown in  F i g s .  20,  21 and 22. I t  
can be seen that  the major s t r e n g t h  in c r e a s e s  were produced by the lowest  
pressure  i n t e n s i t y  (3 KsL), w i th  on ly  minor or i n s i g n i f i c a n t  additional  
s trengths  being produced by the h igher  pr e s su re s  ( 4 . 5  and 6.1  K s i ) .
For example, in  the 0 .4 5  water-cement r a t i o  m ixes ,  the average 7-day 
s tr e n g th  o f  the standard specimens was 5850 p s i ;  t h i s  was increased  to 
8750 p s i  f o r  the 3 . 0  Ksi moulded specimens,  fu r th e r  inc re ase d  to 9120 ps i
47
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
for  the 4 .5  Ksi moulded specimens and increased  to 9180 p s i  fo r  the
6 .0  Ksi moulded specimens,  F ig .  20.  At the 28-day age, f o r  the 0 .45
Water-cement ratio mixes, the average strength of the 6 .0  Ksi  pressure
moulded specimens was a c t u a l l y  s l i g h t l y  lower than th e  average s trengths
in d ic a t e d  for  the 3 .0  and 4 .5  Ksi pressure  moulded specimens.  I t  can
al so  be seen in  F i g s .  21 and 22 that  although pressure was e f f e c t i v e  in
in c re as in g  the compressive s trength  over the standard moulded specimens,
inc re as ing  the pressure  from 3 . 0  Ksi to  6 . 0  Ksi did not  produce very
g rea t  s trength  i n c r e a s e s .  I t  would seem that  at 3 . 0  Ksi an optimum
s t a t e  o f  c o n s o l i d a t io n  i s  reached and no fu r th e r  c o n s o l i d a t io n  takes
place  due to the fu r th e r  in c re ase  o f  pressure  ( 4 . 5  Ksi and 6 .0  K s i ) .  I t
i s  i n t e r e s t i n g ,  however, to s e e  the average s tr e ng th  i n c r e a s e s  produced
by a l l  the pressure moulded specimens.  These are shown below:
average s tr e n g th  in c re ase  f o r  a l l
w/c r a t i o age pressure  moulded specimens
0 .45 7 day 5 4 .2
0 .45 28 day 4 3 .4
0 .55 7 day 92.8
0 .55 28 day 65.8
0 .6 5 7day 94.74
0 .65 28 day 94 .2
In g e n e r a l ,  i t  can be observed that  h igher  percentage g a in s  were achieved  
at  7 days than at 28 days for  the same m ixes .  Also the percentage gain  
was always higher  f o r  the higher water cement r a t i o  mixes.  The probable  
answer f o r  t h i s  appears to be that  at the lower water-cement r a t i o  ( 0 . 4 5 ) ,  
the f i n a l  water-cement r a t i o  g e n e r a l l y  comes out  to be near 0 .3 0 ,  while
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f o r  the  h i g h e r  -water-cement r a t i o s  ( 0 . 5 5  and 0 . 5 5 )  the  f i n a l  w a t e r -  
cement  r a t i o  comes o u t  t o  be about 0 . 3 6  and 0 . 4 0 .  Hence i n  t h e  former  
c a s e  t h e r e  i s  n o t  enough w a t e r  l e f t  f o r  the  h y d r a t i o n  t o  t a k e  p l a c e ,  
w h i l e  i n  th e  l a t e r  two c a s e s  t h e  w a t e r  i s  j u s t  s u f f i c i e n t  f o r  h y d r a t i o n .  
The same argument h o l d s  f o r  t h e  h i g h e r  p e r c e n t a g e  s t r e n g t h  g a i n s  n o t e d  
a t  t h e  7 -d a y  age f o r  the h i g h e r  w a t e r - c e m e n t  r a t i o  m i x e s ;  the  p r o c e s s  o f  
h y d r a t i o n  a lways  s lo w s  down w i t h  i n c r e a s i n g  a g e ,  but  i t  t e n d s  to s low  
down more when w a t e r  i s  n o t  r e a d i l y  a v a i la b le .  F i n a l l y ,  i t  i s  a l s o  p o s s i ­
b l e  t h a t  t h e  h i g h e r  w a t e r - c e m e n t  r a t i o  m i x e s ,  b e c a u s e  o f  t h e i r  g r e a t e r  
w o r k a b i l i t y  m ight  c o n s o l i d a t e  b e t t e r  than th e  l o w e r  w a t e r - c e m e n t  r a t i o  
m i x e s .
I t  s h o u l d ,  o f  c o u r s e ,  be p o i n t e d  o u t  t h a t  a l t h o u g h  t h e  h i g h e r  
w a t e r - c e m e n t  r a t i o  m ix e s  showed g r e a t e r  s t r e n g t h  i n c r e a s e s  when s u b j e c t e d  
t o  p r e s s u r e ,  t h e  a c t u a l  s t r e n g t h s  produced  at  t h e  h i g h e r  w a t e r - c e m e n t  
r a t i o s  ( p r e s s u r e  moulded) were much low e r  than f o r  t h e  low w a t e r - c e m e n t  
r a t i o  m ix e s  ( p r e s s u r e  m o u l d e d ) .
(b )  I n f l u e n c e  on D e n s i t y . The e f f e c t  o f  m ou ld ing  p r e s s u r e  
i n t e n s i t y  on d e n s i t y  i s  shown i n  F i g .  2 3 .  I t  can  be s e e n  t h a t  f o r  the
0 . 4 5  w a t e r - c e m e n t  r a t i o  m i x e s ,  the  average  d e n s i t y  o f  th e  s ta n d a r d  
s p e c im e n s  was 1 5 1 .1 2  I b / c u . f t .  ( a v e r a g e  o f  7 and 28 d a y s ) j  t h e  s p ec im ens  
moulded at  3 . 0  K s i  had an average  (7  and 28 days)  d e n s i t y  o f  1 5 5 .8  l b /  
c u . f t . ,  the  s p e c im e n s  moulded at  4 . 5  K si  had an a v e r a g e  (7 and 28 days)  
d e n s i t y  o f  1 5 6 .1  l b / c u . f t .  and the  sp e c im e n s  moulded a t  6 . 0  Ksi  had an 
a verage  d e n s i t y  o f  1 5 6 . 5 4 .  Thus,  the  p a t t e r n  o f  d e n s i t i e s  i s  s i m i l a r
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t o  t h e  s t r e n g t h  p a t t e r n  i n  t h a t  t h e  major  i n c r e a s e  i n  d e n s i t y  was p r o ­
duced by t h e  3 . 0  Ksi  p r e s s u r e ,  w i t h  o n l y  m inor  o r  i n s i g n i f i c a n t  a d d i t i o n ­
a l  d e n s i t i e s  b e in g  produced  by th e  h i g h e r  p r e s s u r e .  A l s o ,  i t  can be se en  
t h a t  t h e  h i g h e r  p e r c e n t a g e  g a i n  i n  d e n s i t y  was a c h i e v e d  w i t h  the  h i g h e r  
i n i t i a l  w a t e r -c e m e n t  r a t i o  m i x e s ,  a l t h o u g h  t h e  h i g h e s t  a v e r a g e  (7  and 28 
day) d e n s i t y  157.13 1/cu.ft wss a ch ieved  i n  t h e  0 . 5 5  w a t e r - c e m e n t  r a t i o  m i x e s .
( c )  I n f l u e n c e  on F i n a l  Water-Cement R a t i o . On the  a p p l i c a t i o n  
o f  p r e s s u r e  th e  i n i t i a l  w a t e r  c o n t e n t  i s  changed  as a r e s u l t  o f  e x p u l s i o n  
o f  w a t e r  from t h e  m ix .  The e f f e c t  o f  m ou ld ing  p r e s s u r e  i n t e n s i t y  on 
f i n a l  w a t e r - c e m e n t  r a t i o  i s  shown i n  F i g .  2 4 .  I t  can  be s e e n  t h a t  p r e s ­
su r e  was e f f e c t i v e  in  g r e a t l y  r e d u c in g  t h e  w a t e r - c e m e n t  r a t i o  b u t  as  w i t h  
s t r e n g t h  and d e n s i t y  t h e  h i g h e r  p r e s s u r e s  ( 4 . 5  K si  and 6 . 0  K s i )  d i d  n o t  
e f f e c t  s i g n i f i c a n t  f u r t h e r  r e d u c t i o n s  i n  w a t e r - c e m e n t  r a t i o ,  o v e r  t h a t  
produced  by t h e  3 . 0  K s i  p r e s s u r e .  The 0 . 6 5  w a t e r - c e m e n t  r a t i o  mix had  
i t s  w a t e r - c e m e n t  r a t i o  reduced  to  a p p r o x i m a t e l y  0 . 4 0  under  p r e s s u r e ,  th e  
0 , 5 5  w a t e r - c e m e n t  r a t i o  mix had i t s  w a t e r  r a t i o  r e d u c e d  t o  a p p r o x i m a t e ly
0 . 3 7  and t h e  0 . 4 5  w a t e r - c e m e n t  r a t i o  mix had i t s  w a t e r  r a t i o  r e d u c e d  to  
a p p r o x i m a t e ly  0 . 3 0 ,  F i g .  24 .  Thus ,  i t  c an  be s e e n  t h a t  a l t h o u g h  l a r g e r  
q u a n t i t i e s  o f  w a te r  were  removed from t h e  h i g h  w a t e r - c e m e n t  r a t i o  m i x e s ,  
th e  mix w i t h  the  l o w e s t  i n i t i a l  water-cement r a t i o ,  ( 0 . 4 5 )  ended up hav ing  
th e  l o w e s t  f i n a l  w a t e r - c e m e n t  r a t i o  ( 0 . 3 0 ) .  T h i s  r e s u l t  i s  n o t  i n  a g r e e ­
ment w i t h  t h a t  found by Evans^ and Wood who r e p o r t e d  "In t h e  c a s e  o f  e x ­
t r e m e ly  w e t  and e x t r e m e l y  dry m i x e s ,  i t  was o b s e r v e d  t h a t  a f t e r  the  a p p l i ­
c a t i o n  o f  m ould in g  p r e s s u r e ,  s p e c im e n s  made from the  i n i t i a l l y  v e r y  wet
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mix had a l o w e r  w a t e r  c o n t e n t  than  t h o s e  p r e p a r e d  from e x t r e m e l y  dry m ixes '7. 
However,  i t  i s  p o s s i b l e  t h a t  t h e y  were d e a l i n g  w i t h  m ix e s  o f  more e x t r e m e s  i n  
c o n s i s t e n c y .
The w a t e r - c e m e n t  r a t i o  to  s t r e n g t h  r e l a t i o n s h i p  shows t h a t  t h e
law e s t a b l i s h e d  by Abrams^ f o r  o r d i n a r y  s p e c im e n s  seems to  be v a l i d  f o r
p r e s s u r e  moulded sp e c im e n s  ( F i g .  2 5 ) .  T h i s  c o n c l u s i o n  a g r e e s  w i t h  Abram"*-,
2 8but  d i s a g r e e s  w i t h  t h a t  o f  A l l e n  , F l e t c h e r  and S a n d r e .  T h is  d i s c r e p a n c y  
a r i s e s  m a i n l y  due t o  the  b a s i c  m i s t a k e  o f  A l l e n ,  F l e t c h e r  and Sandre  
who e s t a b l i s h e d  t h e  r e l a t i o n s h i p  o f  w a t e r - c e m e n t  r a t i o  to  s t r e n g t h ,  f o r  
t h e  p r e s s u r e  moulded s p e c i m e n s ,  on t h e  b a s i s  o f  i n i t i a l  w a t e r - c e m e n t  
r a t i o s  i n s t e a d  o f  t h e  f i n a l  w a t e r - c e m e n t  r a t i o s .  The a u t h o r  has drawn a 
gr ap h  o f  f i n a l  w a t e r - c e m e n t  r a t i o  v e r s u s  s t r e n g t h ,  f o r  t h e  p r e s s u r e  
moulded s p e c i m e n s ,  from t h e  d a t a  o f  A l l e n  and t h i s  c l e a r l y  i n d i c a t e s  t h e  
v a l i d i t y  o f  Abram's w a t e r - c e m e n t  r a t i o  law f o r  t h e  p r e s s u r e  moulded  
s p e c i m e n s  as  shown i n  F i g . 26. In  t h i s  f i g u r e  th e  g raph  f o r  1 K s i  i s  
a lm o s t  a h o r i z o n t a l  l i n e  and t h i s  w ou ld  appear  to  v i o l a t e  Abram's law.
B u t ,  i n  f a c t  i t  p r o b a b l y  does  n o t ,  b e c a u s e  A l l e n  r e p o r t e d  t h a t  th e  
s t r e n g t h  o f  the  sp e c im e n s  o f  lo w e r  w a t e r - c e m e n t  r a t i o s  ( 0 . 3 5 ) s u b j e c t e d  
t o  1 K si  was l e s s  than  t h a t  o f  t h e  s t a n d a r d  s p e c i m e n s .  T h i s  s u g g e s t s  
t h a t  t h i s  c o n c r e t e  was n o t  f u l l y  c o n s o l i d a t e d  and when th e  sp e c im e n  i s  
n o t  f u l l y  c o n s o l i d a t e d  Abram's law c a n n o t  be a p p l i e d .
2 .  E f f e c t  o f  P r e s s u r e  D u r a t i o n
( a )  I n f l u e n c e  on C o m p r e s s iv e  S t r e n g t h . The e f f e c t  o f  p r e s s u r e  
d u r a t i o n  on  s t r e n g t h  b e h a v i o u r  was s t u d i e d  f o r  e a c h  o f  the  t h r e e  d i f f e r e n t
51
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
p r e s s u r e s  i n c l u d e d  i n  t h i s  program o f  s t u d i e s ,  i . e .  3 . 0  K s i ,  4 , 5  Ksi  
and 6 . 0  K s i .  The d u r a t i o n s  o f  p r e s s u r e  s t u d i e d  were  1 m in u t e ,  1 1 / 2  
m i n u t e s  and 2 m i n u t e s .  As can  be s e e n  from F i g .  27 to  32 no p a r t i c u l a r  
i n f l u e n c e  o f  p r e s s u r e  d u r a t i o n  was n o t e d .
For e x a m p le ,  from F i g .  27 ,  i t  can  be s e e n  t h a t  at  7 days  
( w / c  =  0 . 4 5  and p r e s s u r e  =  3000  p s i ) ,  the  spec im ens  showing t h e  maximum 
s t r e n g t h  were s u b j e c t e d  to t h e  p r e s s u r e  f o r  a d u r a t i o n  o f  1 1 / 2  m i n u t e s .  
However,  t h e  d i f f e r e n c e  i n  s t r e n g t h  between  t h i s  and t h o s e  f o r  t h e  1 and 
2 m inu te  d u r a t i o n s  was o n l y  150 and 240 P s i ,  r e s p e c t i v e l y ,  which  s u g g e s t s  
t h a t  t h e  d i f f e r e n c e s  are  n o t  a t  a l l  s i g n i f i c a n t .
S i m i l a r i l y ,  the  same mix s u b j e c t e d  to  a p r e s s u r e  o f  4500 p s i  and 
t h e  above m en t io n e d  d u r a t i o n s  e x h i b i t e d  a maximum 7 day s t r e n g t h  f o r  the  
1 1 / 2  m inu te  p r e s s u r e  d u r a t i o n  w h i l e  t h e  28 day maximum s t r e n g t h  was  
o b t a i n e d  f o r  t h e  1 m in ute  d u r a t i o n ,  and th e  s t r e n g t h  was a lm os t  e q u a l  f o r  
t h e  1 1 / 2  and 2 m inu te  d u r a t i o n  s p e c i m e n s ,  F i g .  27 and 28.
I t  would  appear t h a t  when a spec im en  "is s u b j e c t e d  to  p r e s s u r e  
f o r  a 1 m in u te  d u r a t i o n ,  i t  r e a c h e s  an optimum s t a t e  o f  c o n s o l i d a t i o n  
i n  t h a t  t i m e .  T h e r e f o r e ,  t h e  a p p l i c a t i o n  o f  p r e s s u r e  f o r  l o n g e r  d u r a t i o n s  
h a s  no e f f e c t  i n  r e d u c in g  the  v o i d s  or  i n c r e a s i n g  t h e  d e n s i t y  o f  the
c o n c r e t e ,  and t h i s  i s  why t h e r e  is no s i g n i f i c a n t  i n c r e a s e  i n  s t r e n g t h .
2
T h is  c o n c l u s i o n  i s  c o n t r a r y  to  t h e  f i n d i n g  o f  A l l e n  i n  1966 .
He c o n c l u d e d  t h a t  an optimum s t r e n g t h  was o b t a i n e d  a t  a p r e s s u r e  d u r a t i o n  
o f  1 1 / 2  m i n u t e s .  But i t  appears  he made a b a s i c  m i s t a k e  i n  c o n d u c t in g  
h i s  s t u d i e s .  He e v i d e n t l y  o b t a i n e d  the  s t r e n g t h  v a l u e s  f o r  the  1 1 / 2  
m in u t e s  p r e s s u r e  d u r a t i o n  from an e a r l i e r  s e r i e s  o f  t e s t s  and the
52
R eproduced with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
s t r e n g t h  v a l u e s  f o r  t h e  o t h e r  p r e s s u r e  d u r a t i o n s  (15  s e c ,  30 s e c ,  1 
m i n u t e ,  2 m in u te s  and 5 m i n u t e s )  from l a t e r  e x p e r i m e n t a l  work.
(b)  I n f l u e n c e  on D e n s i t y . As i n  t h e  c a s e  o f  c o m p r e s s iv e  
s t r e n g t h  t h e  d u r a t i o n  o f  p r e s s u r e  had a l m o s t  no e f f e c t  on t h e  r e s u l t a n t  
d e n s i t y  o f  the  c o n c r e t e ,  F i g -  2 7 - 3 2 .  I t  can  be o b s e r v e d  from F i g .  27 
to  32 t h a t  the  maximum d e n s i t y  f o r  a g i v e n  mix c o u l d  be produced  at  
any o f  t h e  t h r e e  d u r a t i o n s  o f  1 , 1 1 / 2  and 2 m in u te s  -  som et im es  at
1 m i n u t e ,  a t  o t h e r  t i m e s  a t  the  1 1 / 2  o r  2 m in u te  d u r a t i o n .  In  
c e r t a i n  c a s e s  th e  graph  f o r  the  p r e s s u r e  d u r a t i o n  v s  d e n s i t y  f o l l o w e d  
t h e  same p a t t e r n  as t h e  c o r r e s p o n d i n g  gr ap h  f o r  p r e s s u r e  d u r a t i o n  v s  
s t r e n g t h ,  F i g .  28 and 31 f o r  e x a m p le .  However i n  many c a s e s  t h e  p a t t e r n s  
f o r  t h e s e  two graphs  d i d  n o t  c o r r e s p o n d .
• The d i f f e r e n c e  i n  d e n s i t i e s  o b t a i n e d  f o r  a g i v e n  mix f o r  t h e
t h r e e  p r e s s u r e  d u r a t i o n s  i n  a lm os t  a l l  c a s e s  was l e s s  than 1^,  and i n
g e n e r a l  v a r i e d  b e tw een  0 . 1 ^  and 0 . 6 ^ .  T h i s  a l s o  i s  c o n t r a r y  to  th e
2
r e s u l t s  o b t a i n e d  by A l l e n  . A p o s s i b l e  r e a s o n  f o r  t h i s  d i s a g r e e m e n t  
can be a t t r i b u t e d  to  t h e  f a c t  m e n t i o n e d  e a r l i e r  t h a t  some o f  h i s  
sam p les  were from m ixe s  made at  d i f f e r e n t  t i m e s .
( c )  I n f l u e n c e  on F i n a l  Water-Cement  R a t i o . The amount o f  
w a t e r  e x p e l l e d  under  th e  t h r e e  d i f f e r e n t  p r e s s u r e  d u r a t i o n  was a l m o s t  
t h e  same i n  a l l  c a s e s .  F i g .  33 ,  3 4 ,  and 3 5 .  Thus,  i t  i s  s e e n  t h a t  t h e  
p r e s s u r e  d u r a t i o n  had no e f f e c t  on t h e  f i n a l  w a t e r - c e m e n t  r a t i o  o f  the  
c o n c r e t e .
The s t u d y  o f  th e  e f f e c t  o f  p r e s s u r e  d u r a t i o n  on s t r e n g t h ,  
d e n s i t y ,  and f i n a l  w a t e r - c e m e n t  r a t i o  l e a d s  t o  t h e  same c o n c l u s i o n
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t h a t  p r e s s u r e  d u r a t i o n  has  no e f f e c t  on t h e  above m e n t i o n e d  p r o p e r t i e s .  
S i n c e ,  the  s t r e n g t h  o f  c o n c r e t e  i s  a f u n c t i o n  o f  b o t h  d e n s i t y  and f i n a l  
■water-cemeni; r a t i o  i t  i s ,  o f  c o u r s e ,  r e a s s u r i n g  t h a t  a l l  r e s u l t s  s u p p o r t  
e a c h  o t h e r .
P a r t  I I
1 .  E f f e c t  o f  Water R ed u ce r ,  i n  C o n j e c t i o n  w i t h  P r e s s u r e
( a )  I n f l u e n c e  on C o m p r e s s iv e  S t r e n g t h . The w a t e r  r e d u c e r  
was e f f e c t i v e  i n  i n c r e a s i n g  t h e  c o m p r e s s i v e  s t r e n g t h ,  o f  b o t h  t h e  
p r e s s u r i z e d  and n o n - p r e s s u r i z e d  c o n c r e t e  s p e c i m e n s .  The s t a n d a r d  s p e c i ­
mens c o n t a i n i n g  t h e  w a t e r - r e d u c e r  showed an i n c r e a s e  i n  s t r e n g t h  o f  
10  to  28<J> o v e r  t h e  s t a n d a r d  s p e c im e n s  w i t h o u t  t h e  w a t e r - r e d u c e r  a t  bo th  
7 and 28 days  a g e s  as  shown i n  F i g .  3 6 - 3 8  and T ab le  2 ( a ) .  I t  i s  s e e n  
from Fig'.  3 6 , 3 7 , 3 8  t h a t  t h e  p e r c e n t a g e  o f  s t r e n g t h  g a i n e d  by s p e c im e n s  
c o n t a i n i n g  t h e  w a t e r - r e d u c e r  i n c r e a s e d  w i t h  an i n c r e a s e d  i n  w a t e r -  
cement  r a t i o .
The s p e c im e n s  c o n t a i n i n g  t h e  w a t e r - r e d u c e r  and s u b j e c t e d  to  
a p r e s s u r e  o f  4 5 0 0  p s i  f o r  1 1 / 2  m i n u t e s ,  shoitfed o n l y  a v e r y  s l i g h t  
i n c r e a s e  i n  s t r e n g t h  (and  was n o t  s i g n i f i c a n t )  o v e r  t h e  s p e c im e n s  w i t h ­
o u t  t h e  w a t e r - r e d u c e r  and s u b j e c t e d  t o  t h e  same p r e s s u r e  and d u r a t i o n .
At a w a t e r - c e m e n t  r a t i o  o f  0 . 5 5 ,  t h e  28 day p r e s s u r i z e d  sp e c im e n s  w i t h ­
o u t  t h e  w a t e r - r e d u c e r  showed a g r e a t e r  s t r e n g t h  than  t h e  p r e s s u r i z e d  
spec im en  w i t h  t h e  w a t e r - r e d u c e r ,  F i g .  3 7 .  T h is  was t h e  o n l y  c a s e  i n  
w h ic h  the  g e n e r a l  t r e n d  was r e v e r s e d .  The r e a s o n  f o r  t h i s  i s  p r o b a b ly  
b e c a u s e  the  f i n a l  w a t e r - c e m e n t  r a t i o  o f  the  s p e c i m e n s  c o n t a i n i n g  t h e
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w a t e r - r e d u c e r  was found  t o  be h i g h e r  than f o r  the  s pec im en  w i t h o u t  
th e  w a t e r - r e d u c e r ,  a s  shown i n  F i g .  4 1 .  A lso  t h e  d e n s i t y  o f  t h e  s p e c i ­
mens o v e r  t h e  s ta n d a r d  sp e c im e n s  f o r  both  c o n c r e t e  xvith and w i t h o u t  
the  w a t e r - r e d u c e r .  These  i n c r e a s e s  were  a l l  s i g n i f i c a n t  a t  the  0 . 0 0 1  
p e r c e n t  l e v e l .
A g raph  p l o t t e d  f o r  the  c o m p r e s s i v e  s t r e n g t h  v s  th e  f i n a l  
w a t e r - c e m e n t  r a t i o  p r o v e s  the  v a l i d i t y  o f  Abram's w a t e r - c e m e n t  r a t i o  
law,  f o r  b o t h  k i n d s  o f  sp e c im e n s  w i t h  or  w i t h o u t  w a t e r - r e d u c e r s  s u b j e c t e d  
to  th e  same p r e s s u r e  as shown i n  F i g .  39 and 4 0 .
(b )  I n f l u e n c e  on F i n a l  Water-Cement R a t i o . S i n c e  th e  u s e  
o f  a w a t e r - r e d u c e r  makes t h e  c o n c r e t e  more w o r k a b l e } t h e  f i n a l  w a t e r -  
cement r a t i o  was l e s s  f o r  t h e  sp e c im e n s  w i t h  w a t e r - r e d u c e r  s u b j e c t e d  
t o  p r e s s u r e  than  f o r  t h o s e  s u b j e c t e d  to  p r e s s u r e  w i t h o u t  t h e  w a t e r -  
r e d u c e r  as  shown i n  F i g .  4 1 .
( c )  I n f l u e n c e  on D e n s i t y . The mean v a l u e s  o f  spec im en  d e n s i t y  
f o r  bo th  t h e  p r e s s u r e  moulded and s ta n d a r d  moulded s p e c im e n ,  w i t h  and 
w i t h o u t  t h e  w a t e r - r e d u c e r ,  are  shown i n  Table  2 (b )  f o r  b o t h  the  7 and
28 day t e s t  s p e c i m e n s .  The w a t e r - r e d u c e r  i n c r e a s e d  t h e  average  d e n s i t y  
o f  t h e  p r e s s u r e  moulded spec im en  but t h e  i n c r e a s e  was n o t  s t a t i s t i c a l l y  
s i g n i f i c a n t ,  F i g .  4 2 - 4 4 .  The i n c r e a s e  i s  presum ab ly  due to b e t t e r  
c o n s o l i d a t i o n  r e s u l t i n g  from t h e  u s e  o f  the  w a t e r - r e d u c e r .
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CHAPTER VIII 
CONCLUSIONS
The r e s u l t s  obtained from the experimental  i n v e s t i g a t i o n  lead  
to the f o l lo w in g  c o n c lu s io n s :
Part  I
1. The use o f  pressure  moulding was e f f e c t i v e  in  in c r e a s in g  
the compressive s t r e n g t h ,  d e n s i ty  and reducing the water-cement r a t i o  
o f  con c r e te  specimens.  A higher  ga in  i n  s trength  and d e n s i t y  was 
obta in ed  fo r  mixes having higher  i n i t i a l  water-cement r a t i o s .  Also a 
higher  percentage  gain o f  s tr e ng th  was obta in ed  at  the 7-day age than 
at  the 28-day age.
2. Increas ing  i n t e n s i t i e s  o f  moulding pressu re  ( i n  the range 
s tu d ied )  has no s i g n i f i c a n t  e f f e c t  in  inc re a s in g  the compressive s t r e n g t h ,  
d e n s i ty  and reducing the f i n a l  water-cement r a t i o  o f  con c r e te  specimens.
3.  The durat ion  o f  moulding pressure  was found to have no 
e f f e c t  i n  inc re a s in g  the compressive s tr e n g th ,  d e n s i t y  and reducing the  
f i n a l  water-cement r a t i o  o f  c o n c r e t e ,  f o r  the range o f  durations s tu d ie d  
in  t h i s  program.
4.  The water-cement r a t i o  versus  s tr e n g th  law e s t a b l i s h e d  by 
Abrams was found to be v a l i d  f o r  pressure  moulded specimens.
Part I I
1. The water-reducer was e f f e c t i v e  in  i n c r e a s i n g  the average  
s tr e n g th ,  and d e n s i ty  o f  pressure  moulded specimens,  but the d i f f e r e n c e s
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w e r e  n o t  s t a t i s t i c a l l y  s i g n i f i c a n t .
2.  The u s e  o f  th e  w a t e r - r e d u c e r  r e s u l t e d  i n  a low er  f i n a l  
xtfater-cement r a t i o  f o r  t h e  p r e s s u r e  moulded s p e c i m e n s .
3 .  The w a t e r - c e m e n t  r a t i o  v e r s u s  s t r e n g t h  law e s t a b l i s h e d
by Abrams was found  to  be v a l i d  f o r  p r e s s u r e  moulded s p e c im e n s  c o n t a i n i n g  
t h e  w a t e r  r e d u c e r .
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1 0 , 0 0 0
7 AND 20 DAY TEST SPECIMENS 











.A 7 DAY TEST SPECIMENS 
v?’ 28 DAY TEST SPECIMENS
3000 -------------1_____ _______ |........... _ J  _ | _1
0 1 2 3 4 5
MOULDING PRESSURE, K.S.I.
Fig. 20- Effect of.Intensity of Moulding Pressure on Compressive 
Strength
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7 DAY TEST SPECIMENS 
28 DAY TEST SPECIMENS
3 4 5
MOULDING PRESSURE, K.S.I.
Fig. 21- Effect of Intensity of Moulding Pressure on Compressive 
Strength
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1 0 , 0 0 0
9000
7 AND 28 DAY TEST SPECIMENS 












0  STANDARD 
^  7 DAY TEST SPECIMENS




Fig. 22- Effect of Intensity of Moulding Pressure on Conpres 
Strength
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A WATER-CEMENT. RATIO =
ra WATER-CEMENT r atio  =
3  WATER-CEMENT RATIO =
.4 5  
.5 5  
. 65
0 1 2 3 4 5
MOULDING PRESSURE, K .S . I .
F i g .  2 3 -  E f f e c t  o f  I n t e n s i t y  o f  M oulding . P r e s s u r e  on D e n s i t y
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A WATER-CEMENT PATIO = .4 5
FJ V.'ATER-CEMEMT RATIO = .5 5
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\ G ........
3 4
MOULDING PRESSURE, K . S . I .
F i g . 2 4 -  E f f e c t  o f  I n t e n s i t y  o f  M oulding P r e s s u r e  on C om p ress ive  
S t r e n g th
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7 AND 28 DAY TEST SPECIMENS
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7 0 0 0
6 0 0 0
5 0  0 0
4 0 0 0
( 7 DAY TESTS )
\  ( 2 8  DAY TESTS )
\
0  STANDARD 
A  7 DAY TESTS  
~ ) 2 8  DAY TESTS
M L D .P R E S .= AVERAGE OF 3 ,  4 . 5  AND C K . S . I .
h
3 0 0 0
. 2 7 . 3 5  . 4 5  . 5 5
WATER-CEMENT RATIO 
F i g .  2 5 -  C o m p r e s s i v e  S t r e n g t h  V e r s u s  t ? a t e r - C e m c n t  R a t i o
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6 3





























□  MOOLDING PRESSURE = 1 K.S.I. 
A MOULDING PRESSURE = 3 K.S.I.
.35 .40 .45
WATER-CEMENT RATIO 
Fig. 26- Compressive Strength Versus Water-Ceinent Ratio
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A MOULDING PRESSURE = 3 K . S . I .
E MOULDING PRESSURE = 4 . 5  K . S . I .
v  MOULDING PRESSURE = 6 K . S . I .
3000 L-----
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PRESSURE DURATION, m in .
F i g .  27 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on S t r e n g t h  and 
D e n s i t y
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MOULDING PRESSURE = 3 K . S . I .  
MOULDING PRESSURE = 4 .5  K .S . I .  







F i g .  2 8 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on S t r e n g t h  and 
D e n s i t y
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7 DAY TEST SPECIMENS 
INITIAL Vi/C RATIO = .55
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A  MOULDING PRESSURE = 3 K.S.I.
□  MOULDING PRESSURE = 4 . 5  K.S.I.













F i g .  2 9 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on 'S t r e n g t h  and 
D e n s i ty
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0  MOULDING PRESSURE
3 K . S . I .  
4 . 5  K .S . I .  
6 K . S . I .
150
2500 -  148
PRESSURE DURATION, m in .
F i g . 30 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on S t r e n g t h  and 
D e n s i t y
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7 DAY TEST SPECIMENS























1000  - Q  STANDARDA MOULDING PRESSURE = 3 K . S . I .
□  MOULDING PRESSURE = 4 . 5 . K . S . I .





PRESSURE DURATION, m in.
F i g .  3 1 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on S t r e n g t h  and 
D e n s i t y
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A  MOULDING PRESSURE = 3 K.S.I.
FI MOULDING PRESSURE = 4.5 K.S.I























































AVERAGE OF 7 AMD 2 8  DAY TEST SPECIMENS
IN IT IA L  W/C RATIO =  . 4 5














MOULDING PRESSURE = 3 K .S . I .  
MOULDING PRESSURE = 4 .5 K .S . I ,  
MOULDING PRESSURE = 6 K .S . I ,
\
_ 3 —  -------
n ___
,25
PRESSURE DURATION m in.
F i g . 3 3 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on F i n a l  W ater-Cement  
R a t io
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AVERAGE OF 7 AND 2 8  DAY TEST SPECIMENS
IN IT IA L  W/C RATIO = . 5 5
. 6 0









A MOULDING PRESSURE = 3 K .S . I .
□  MOULDING PRESSURE = 4 .5 K .S . I .
9  MOULDING PRESSURE = 6 K .S . I .




PRESSURE DURATION, m in.
F i g .  3 4 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on F i n a l  Watcr-Cement  
R a t io
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\ AVERAGE OF 7 AND 2 8  DAY TEST SPECIMENS
IN IT A IL  W/C RATIO = . 6 5
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O  STANDARD
A MOULDING PRESSURE = 3 K .S . I .
□  MOULDING PRESSURE = 4 .5 K .S . I .
ru  MOULDING PRESSURE = 6 K . S . I .
^ ____
PRESSURE DURATION, min.
F i g . 3 5 -  E f f e c t  o f  P r e s s u r e  D u r a t io n  on F i n a l  N ater-C em cnt  
R a t io
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9000 -II
7 AND 28 DAY TEST SPECIMENS 
INITIAL M/C RATIO = .4 5

















Q. CONCRETE WITH WATER-REDUCER




MOULDING PRESSURE, K . S . I .
F i g .  3 6 -  E f f e c t  o f  P r e s s u r e  on C o m p ress iv e  S t r e n g t h  o f  
C o n c r e te  w i t h  and w i t h o u t  W ater-R educer
NOTE: The two p o i n t s  have b een  j o i n e d  o n l y  f o r  th e  sak e  o f
c l a r i t y  and c o n v e n i e n c e .
74














7 AND 28 DAY TEST SPECIMENS 
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( 7 DAY TESTS )
O STANDARD
0  CONCRETE WITH WATER-REDUCER 
0  CONCRETE WITHOUT WATER-REDUCER
3000
|
0 1 2  3 4
MOULDING PRESSURE, K . S . I .
F i g .  3 7 -  E f f e c t  o f  P r e s s u r e  on C om p ressive  S t r e n g t h  o f  
C o n cr e te  w ith  and w i t h o u t  W ater-R educer
NOTE: The two p o i n t s  have been  j o i n e d  o n ly  f o r  th e  sake  o f
c l a r i t y  and c o n v e n ie n c e .
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7 AND 28 DAY TEST SPECIMENS 




( 28 DAY TESTS )
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( 7 DAY TESTS )
O STANDARD
O  CONCRETE WITH WATER-REDUCER 




Fig. 38- Effect of Pressure on Compressive Strength of . 
Concrete with and’without Water-Rieducer
NOTE: The two p o in ts  have been jo in e d  on ly  fo r  the sake of
c l a r i t y  and convenience
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STD. W/O WATER-REDUCER 
/< STD. WITH WATER-REDUCER 
A MLD. PRES. = 4 .5  K . S . I .  ( WITHOUT 
WATER-REDUCER)
O MLD.PRES.= 4 . 5  K .S .I .{W IT H  
WATER-REDUCER)
.20 .3 0 .40 .50
V-
 _ .J  ...
.6 0
WATER-CEMENT RATIO
F i g .  3 9 -  C om pressive '  S t r e n g t h  V ersu s  W ater-Cem ent R a t io
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2 8  DAY TEST SPECIMENS
i \





0  STD.VJ/O W/iTER-REDUCER '-0
X STD.WITH WATER-REDUCER \
A MLD.PRES. = 4 . 5  K . S . I .  (WITHOUT VfATER- 
REDUCER)
MLD. PRES.= 4 . 5  K . S . I .  ( WITHWATER-REDUCER)
3500
. 2 0 30 ,40 .5 0 .6 0
G
WATER-CEMENT RATIO
F i g .  4 0 -C o m p r ess iv e  S t r e n g t h  V e r su s  W ater-Cement R a t io
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MOULDING PRESSURE, K .S . I .
F i g . 4 1 -  E f f e c t  o f  P r e s s u r e  on F i n a l  Water-Cement R a t io
NOTE: The two p o i n t s  have been  j o i n e d  o n ly  f o r  the  sa k e  o f
c l a r i t y  and c o n v e n ie n c e
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AVERAGE OF 7 AMD 28 DAY. SPECIMENS 












O  CONCRETE WITH I'.’ATE R-REDUCE R
/i  CONCRETE WITHOUT WATER-REDUCER
148
MOULDING PRESSURE, K . S . I .
F i g . 4 2 -  E f f e c t  o f  P r e s s u r e  on D e n s i t y
NOTE: The two p o i n t s  have been j o i n e d  o n l y  f o r  the  sa k e  o f
c l a r i t y  and c o n v e n ie n c e
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i AVERAGE OF 7 AND 2 8  DAY TEST SPECIMENS












■0 CONCRETE WITH WATER-REDUCER
A CONCRETE WITHOUT WATER-REDUCER
MOULDING PRESSURE, K . S . I .
F i g .  4 3 -  E f f e c t  o f  P r e s s u r e  on D e n s i t y
NOTE: The two p o i n t s  have been  j o i n e d  o n ly  f o r  th e  sa k e  o f
c l a r i t y  and c o n v e n ie n c e
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AVERAGE OF 7 AND 23 DAY SPECIMENS 
















O CONCRETE WITH WATER-REDUCER
^  CONCRETE WITHOUT WATER-REDUCER
148
0 1 2  3 4
MOULDING PRESSURE, K . S . I .
F i g .  4 4 -  E f f e c t  o f P r e s s u r e  on D e n s i ty
NOTE: The two p o i n t s  have b een  j o i n e d  o n ly  f o r  th e  sake
c l a r i t y  and c o n v e n ie n c e
o f
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APPENDIX A






C3A 8 . 8 $
C^Af 7 .8$
P h ys ica l  Tests  
Blaine  Fineness
F in en ess ,  sq.cm. cm./gm. 3010
Soundness
Autoclave Expansion Percent  *055$
Time o f  S e t ,  Gillmore Needle
I n i t i a l ,  hr:min. 3:10
F in a l ,  hrrmin. 6:15

















TABLE 1 1  
COMPOSITION OF PARIS SAND
S i e v e  S i z e s  
P e r c e n t  R e t a in e d
Amount o f  P a r t i c l e s  i n  P e r c e n t  by C ount i n  
V a r io u s  S i e v e  S i z e s
No. 4 No. 8 No. 14 No. 28  
1 2 . 5  1 5 . 4  2 6 .1
P a s s Total
No. 43 No. 100 Nq. 100  No. 8 t o  
3 0 . 6  1 0 . 5  £ . 9  -  No. 100
Q u a l i t y  
P h y s . Chem
Os.
D o lo m ite  36.
D o lo m it e  , p i t t e d  3.
D o lo m ite  , c a l c i t i c  25.
L im e s to n e  3.
L im e s to n e  , a o l o m . i t i c  3.
M arl , a p h a n i t i c  
, b r i t t l e  
, f r i a b l e  
S h a l y ,  c a l c a r e o u s  
S a n d s t o n e ,  b r o w n is h  
S h a ly  s a n d s t o n e  
d i s t i n c t l y  l i n o n i t i c  
I r o n s t o n e  
S a n d s to n e
, b r i t t l e  
R ecen r  S a n d s to n e  
C h e r t  T . S .  1247  
A p l i t e  T. S .  1247  
G r a n i t e
, b r i t t l e
G n e is s







54 .7  
3 . 7  
7 . 1  
.3  
2 . 0  
5 . 4  
.7  































2 8 . 0
1 0 . 0
2 . 7  
1 2 . 7














1 8 . 3
4 . 9
2 . 7
6 . 7  










1 6 . 3
1 2 . 7
. 3
1 . 5
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1 . 3  










F a i r  D e l e t .  
P oor  D e l e t .
D e le t
D e le t
F a i r













PARTICLE SHAPE AND SURFACE OF PARIS SAND ( in Percent )
Retained on Sieve Sizes Pass T
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■  For cent Per ...Pont
P h y s ica l Q u a lity
Good pea’t i d e s  
F a ir  p a r t id e s  
Poor p a r t ic le s
Chemical Q u a lity
Innocuous p a r t ic le s  9 8 d  93»7
D o le te r io u s  (?) p a r t ic le s  2o0 2©7
D e le te r io u s  p a r t ic le s  1©9 3»6
1 0 0 o0 1 0 0 o0
Harmful’ p a r t ic le s  4»S 6«3
Poor p a r t ic le s :  S o ft  marl and micaceous m inerals
(m ica, c h lo r ite )
D e le te r io u s  p a r t ic le s ;  S o ft  marl and iro n sto n es
P a r t ic le s  suspected  of b e i n p  d o le te r io u s;  B r i t t le  marl cud
lim c n it ic  ca lcareous sandstone, r ic h  
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A'TEnDIx A
T/ujI.d 3y
r B c r a r r r s  or pim-d a s  dolcuitd coakd:; aggio^ ate:
Ti PICx\L rZTRCGr.APHIC C‘!ARACTSP.ISTICG*
S tru ctu re :  Random, r e l a t i v e l y  fr e q u e n t ly  s t v l o l i t i c ;  vuf&y.
Texture: Uni Tor;.*!, y f i n e  grained { ,-p.i.c roc ry 3 tnl l i n e ) , s i n g l e
grains ( in  various nuirber:;;) m eso cry sta llin e , rare;]y
k ry p to cry s tn l l  i n e . Euhcdral to  subhedral.
Composition: P a r t i c l e s  Dusty Coating
( in  p ercen t )
Dolomite 99.1  95-9
Qu nr t z (a u t  hi gen ic )  .3  1*5
Feldspar x .3
Clayey m ater ia l  and
organic mat,ter .4  *7
P yrito  x  x
Limonite x .3
Sulphate .1  .9
Accessory K lnorals x .4
Accessory m inerals: Chert, amphibole, pyroxene, garn et, z ircon ,
x -  amounts l e s s  than 0 .1  p ercen t.
C l a s s i f i c a t i o n :  Dolomite
^Provided by Dr. L. Dol ar-Mnnluani.
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-Mean represents an- 
average of five test 
values.
All Pressure moulded 
specimens vibrated f o r ' 
lo min.prior to applica­
tion of pressure.
Mean Final w/c Ratio
Mean Comp. Str. psi
23 Day Tests Results
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Stat. Level of Sig. ^ 
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Mean represents an 
average of five test 
values. ^  •
All Pressure moulded 
specimens vibrated for 
lo min.prior to applica­
tion of pressure.
1 ,
151.09 156.3 156.9 155.7 . 155.94 156.66 156.29 156.8 156.6 156.6
3
Mean Density lbs./ft.
A  “ 1 - 3.4 3.85 3.00 3.2 3.68 3.44 3.82 3.6
3.65
'fcage. Den gain over Std.
5, - . 0 0 1 . 0 0 1 • . 0 0 1
«•
. 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 Stat. Level of Sigi%
8 .
.45 1.05 1.04 .91 .612 1.05 . 2 2 .544 1.83 1.9 .9
Std. Dev. lbs./ft?
9. .7 .67 -.58 .39 .67 .14
1
.34 1.16 1 . 2 1 .57
Coeff. of Var. %
7 Day Test Results Age .































'O ~  o •
X  'U 
J J  o 
O Pi



















































































































































































































Mean represents an 
average of five test 
values .
All Pressure moulded 
specimens vibrated for 
lo min.prior to applica­
tion of pressure.




- 2.35 2.85 2. 61 2.98 3.44 2.85 3.56 3.55 3.71 %age. Den gain over Std.
3,
- . 0 0 1 . 0 0 1 . 0 0 1
e
. 0 0 1 . 0 0 1 . 0 0 1 , 0 0 1 . 0 0 1 . 0 0 1 Stat. Level of Sig.,%
6 .
3
Std. Dev. lbs./ f t .
.45 .69 1.29 .82 L . 16 .63 .59 1.13 .81 1.066 .81
7, • Coeff .  of Var .  %
1 0 . ■
.45 .83 ••53 .75 .407 .38 .73 .52 . 6 8 .51
28 Day Test Results Age .
















































































































































































































































Mean represents an 
average of five test 
values.
All Pressure moulded 
specimens vibrated for 
lo min.prior to applica~ 
tion of pressure.
1 1 . 149.4 157.9 156.67 156.98 157.5 157.6 157.37 158.17 153.1 156.78
3
Mean Density lbs./ft.






■ . 0 0 1 . 0 0 1 . 0 0 1
(
. 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1
Stat. Level of Sig.^s
1.G7
. . . ..
1 . 2 2
.
1 . 6 6 .78 .85 .98 1 . 1 .83 1.04 .76
3
Std. Dev. lbs./ft.
1 . 1 1 .77 ll06 .5 .54 • .62 .7 .52 . 66 ■ .43 Coeff. of Var. %
7 Day Test Results Age.
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Mean represents an 
average of five test 
values. ■
All Pressure moulded 
specimens vibrated for 
lo min.prior to applica­
tion of pressure.
7 n 1 *. , 140.S 156.4 156.8 157.0 157.1 157.02 156.6 156.7 156.5 157.7
3
Mean Density lbs./ft.
13, ' ■ - 4.42 4.64 4.79 4.89 4.70 .4.51 4.62 4.45 5.24 %age. Den gain over Std.
i s ,
.55 — • . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 . 0 0 1 Stat. Level of Sig.%
17 t
2 0 . 1.5
.
1.25 1.92 .33 .  53 .87 .77 .46 1.29 .065
3
Std. Dev. lbs./ft.
1.004 .8 •1 . 2 2 . 2 1 .34 .55 .49 .29 .82 .035
Coeff. of Var. %
■ 28 Day Test Results Age.
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Mean represents an 
average of five test 
values.
All Pressure moulded 
specimens vibrated for 


























. 0 0 1 | .001  
i
.001 .001 .001 .001
iage. Den gain over Rtd,
Stat. Level of Sig.%
1.32
.844






7 Day Test Results
Coeff. of Var. %
A g e .



























































































































































































































































Mean represents an 
average of five test 
values.
All Pressure moulded 
specimens vibrated for 
lo min.prior to applica­
tion of pressure.
2 2 , 149.7 156.4 156:5-11 156.49 156.82 156.2 156.42 157.22 157.66 157.4
3
Mean Density lbs./ft.
23 . 1 - 4.51 4,56 4.29 4.74 4.34 . 4 .4 0 ■ - 5.3 5.1 %age. Den gain over Rtd.
26
- •
.65 .001 .001 .001
(
.001 .001 .001 .001 .001 Stat. Level of Sig.%
27, 3
Std. Dev. lbs./ft.
1.95 1.34 1.55 .37 .59 .61 .93 — 1.059 .136
30.
Coeff. of Var. %
1.3 . 8 6 ' .99 .24 .38 .39 .59 — .67 .006
28 Day Test R e s u l t s Age.


































7 Day Tes t Results 28 Day Test Results Mean represents an average 
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All pressure moulded specimens 
vibrated for 1 0 rain, prior to 
application of pressure.
ND means that :io difference
exists at the level of signi- 
. ficance indicated.
- 83 1 0 1 ■ - 8 6 ■ - • 1 1 0 Mean Water expelled (grms.)
.45 . .342 . 45 .304 .45 • .332 -.45 .3006 Mean Final w/C- Ratio
.45 5670 • .8453 6285 8559.32 7521 9978 7612 10275 Mean Comp. Str. psi
31 ■
,
- 49.06 10.33 36.17" - 32.67 1 . 2 2 34.97' %age. Str .gain-over Std.
to T. : . 0 0 1 . 1 0 . 0 0 1 . 0 0 1 ND .1C iOOl Stat.Level of Sig. %
34 — — 1.25 — — 2.97 $age. Str. gain of 4 over 2
• - — — HD .10 — — ND .10 Stat. Level of Sig. %
262.05 255.39 610.33 312.91 310.18 435.37 ■ 479.03
J
204.43 Standard Deviation psi
t 4.62'
'
3.02 9.71 . 3.65 4.12 4.36
I
6 .29j 1.98 j Coeff. of Variation 3s
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Mean represents an average 
lvalue of five tests.
i
! All pressure moulded specimens 
Jvibrated for 1 0 min. prior to 
(application of pressure.
| ND means that no difference 
1 exists at the level of 
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Mean represents an average' 
value of five tests.
All pressure moulded specimens 
vibrated for 1 0 min. prior to 
application of pressure.
• N D m ean s  t h a t  n o  d i f f e r e n c e  
e x i s t s  a t  t h e  l e v e l  o f  S i g n i f i c ­
a n c e  i n d i c a t e d .
. 6 5





1 7 2 . 1
5 . 8 1 -
1 3 4
.4 5 . 6 5
. 6 0 5 2 3 3 7 8
1 0 4  ..5 2 7 . 6 8
.001 .0 01
3 3 2 . 0 7 1 1 4 . 4 .
5 . 4 3  j 3 . 0 3
1 4 7 122 1 4 1 Mean Water expelled (grms.)
. 4 3 6 .65 . 4 6 8 ...65
6 2 7 1 4 0 3 9 6 9 4 9 4 7 3 1
6 5 . 9 8 7 2 . 0 2 1 7 . 1 3
. 001 .001 .001
3 . 6 1
ND . 1 0
1 1 4 . 5  1 5 5 . 2 9
. 4 4 1 Mean Final' w/c. Ratio
7 2 2 3 Mean Comp. Str. psi
5 4 . 0 2 %age. Str.dain'over Std.
.001 Stat.Level of Sig. %
4 . 8 7 %age. Str. gain of 4 over 2
ND . 1 0 Stat. Level of Sig. %
6 2 0 . 7  1 8 8 . 1 9  2 1 4 , 5
1 . 8 2 3 . 8 4 8 . 9 3 3 . 9 7 ! 2 . 9 4
Standard Deviation psi
Coeff. of Variation %
I



































7 Day Test Results 28 Day Te st Results Mean represents an average 
































































































































































































































































































































Ali pressure moulded specimens 
vibrated for 1 0 min. prior to 
application of pressure.
■ND means that no difference 
exists at the lcvek of Signific­
ance indicated.
151.2 155.9 151.2 157.0 151.9 157.2 151.7 157.3
3
Mean Density (lbs./ft.)
— 3.08' 0 . 0 2 3.83 '' 3'P39 0.16' > 3.69 ■ % Str;. gain over Std. (1)
— 0 . 0 0 1 ND 0.10 0 . 0 0 1 0 . 0 0 1 ND O.10 0 . 0 0 1 Stat. Level, of Sig.
31
to .45 — — 0.69 — — — 0 . 1 1 %age. Den gain of 4 over 2
34
| ND 0.10 — — ND 0.10 Stat. Level of Sig. %




■0 .78 0 . 7 4■
0 .23 Std. Dev. (lbs./ft?)
0.73 ’0.77 | 0 34 0.58
1
0.34 0.49 0.49 0.14 Coeff. of Variation %
* l




































7 Day Tes t Results 28 Day Te st Results Mean represents an average- 
value of five tests.
All pressure moulded specimens 
vibrated for 1 0 min. prior to 
application of pressure.
.ND means that no difference 


























































































































































































































































































































































* 149.80 156.75 150.03 155.70 150.69 156.70 150.22 157.23 Mean Density (lbs./ft?)
— 4.50 ' .0 . 1 0 3.81 — 4.02 : 0.31 4.66 . % Str.-. gain over Std. (1)




. 55 — — — 0.63 • — — 0.30 %age. Den gain of 4 over 2
— — —  . 0.05 — ~ ND0.10 Stat. Level of Sig. %
1.29 0.41 0.96 0.70 0.69 0.62 0.45 0.35 Std. Dev. (lbs./ft?)




0 . 2 2 Coeff. of Variation %
^  V \





































7 Day Test Results 28 Day Te st Results Mean represents an average 
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All pressure moulded specimens 
vibrated for 1 0 min. prior to 
application of pressure.
ND m e a n s  t h a t  n o  d i f f e r e n c e  
e x i s t s  a t  t h e  l e v e l  o f  
s i g n i f i c a n c e  i n d i c a t e d .
1 4 9 . 7 1 5 6 , 8 1 4 9 . 1 ' 1 5 7 . 6 2 ' 1 5 0 . 3 5 1 5 7 . 2 1 4 9 . 5 1 5 7 . 4 Mean Density (lbs./ft^)
33 - 4 . 7 . 3 7 . 5 . 6 4 - 4 . 5 3 ' . 5 2 5 5 . 2 5
. % Str.-. gain over Std. (1)
t o
-.65 . 0 0 1
•
ND . 1 . 0 0 1 - . 0 0 1 ND . 1 . 0 0 1
Stat. Level, of Sig, %
to .
- - -  . . 5 1 - - . 1 0 5  . %age. Den gain of 4 over 2
- - - ND . 1 0 - - i
i 1
H•Q Stat. Level of Sig. %
1 . 5 G 6 . 4 6 7 1 . 9 2 3 . 2 3 . 5 9 1 . 8 2 3 ; . 7 5 2 . 4 2 5
3
Std. Dev. (lbs./ft.)
1 . 0 4 5 • . 2 9 8 1 . 2 9 2 . 0 5 . 3 9 3 . 5 2 3
1
j  . 5 0 2 . 2 7 Coeff. of Variation £
Test data Showing effect of Pressure on Plain Concrete and Concrete with Water-Reducer
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